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Inaugural Session 

Opening Address 
L.D. Swindale l 
Mr Chainnan, distinguished speakers at the head table, distinguished delegates, colleagues, and 
friends 
Let me add my welcome to the one extended to you by Dr Nene on behalf of International Crops 
Research Institute for the Semi-Arid Tropics (lCRISA T). It is a wonderful time of the year to be 
present at our Center, and we hope that you will enjoy being here, and will enjoy participating in the 
Second International Workshop on Chickpea Improvement. The world is well represented at this 
meeting, with delegates from 28 different countries here, or due to arrive during the course of the 
meeting. 
A conference such as this, shou Id benefit all participants. It is not a conference solely to advise and 
benefit ICRISA T and International Center for Agricultural Research in the Dry Areas (lCARDA). 
You should be able to share your problems as researchers on this interesting and important crop, and 
you should be able to discuss possible solutions, even common solutions, to those problems. 
Hopefully you will learn about new advances in the science and new techniques for dealing with the 
crop. And most of all, I hope that you will obtain some new perspectives about this ancient crop and 
thereby improve your understanding of its future role in the agriculture of your countries and of the 
world. 
The international agricultural research centers are your servants. They are here to serve the 
scientists of the national agricultural research systems, and we can serve you best if you will tell us 
what you most need. So take every opportunity in the discussions and in private conversation to infonn 
the ICARDA and ICRlSAT scientists what they should, or could, do for you to make your job easier, 
to make your research more productive, and to allow you to utilize the sparse resources that are 
available for research on chickpea as efficiently as possible. Particularly do I appeal to you to provide 
ICRISA TCenter with advice and suggestions as to what it should do for you. For a long time lCRISA T 
Center has seemed to be but one of several Indian agricultural research institutions working on 
chickpea and producing cultivars for this country. We are keen to enlarge upon this role. Not,let me 
clarify, to move away from serving India. Not at all! This is our host country, it helps us in many ways 
and we are anxious to serve it well. But we think that we will serve it best if we implement the work 
of Indian scientists rather than compete with them. 
Now most of you have faces familiar to me; you have been to ICRISAT before and participated 
in various meetings and conferences. For those who have come to ICRISAT for the first time, I would 
like to just say a few words about our Center. The Institute was created in 1972. It was the first center 
created by the Consultative Group for International Agricultural Research (CGIAR) after the group 
itself was fonned in 1970. And it was set up very specifically to work in a difficult agricultural area 
to service the needs of the rainfed, semi-arid tropics. ICRISA T does not work to any significant extent 
on irrigated agriculture. We work in an area that occupies 11 % of the globe and houses 15% of the 
world's population. It is an area of great agricultural promise and great agricultural problems,largely 
because of the uncertainty of the rainfall and the ever-present possibility of drought. 
Concentrating upon the semi-arid tropics, and the food crops of that region, we work to improve 
five mandate crops, two cereals, sorghum and pearl millet, two pulse crops, chickpea and pigeonpea, 
and groundnut which is a major source of cooking oil for many people of the region as well as an 
important cash crop. We try, in addition, to detennine the constraints to agricultural development and 
to find ways of alleviating them-ways which involve improvements in science as well as 
improvements in policy. Our five crops and our geographic region fit pretty well together. But some 
of our crops, and particularly chickpea, are important in many other parts of the world. We recognize 
1. Director General, International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Palancheru, Andhra Pradesh 
502 324. India. 
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and accept a responsibility to provide assistance and support to all those who work with this crop 
wherever they may be located. 
Chickpea was originally a crop of the sUbtropics. but it is also very widely grown within the tropics. 
Because of its broad spread. we share an international responsibility for the crop with our sister center, 
ICARDA, based at Aleppo, Syria. That relationship has been strong. close and very productive. Dr 
Mohan Saxena, representing ICARDA. will be the keynote speaker of this Workshop. 
Chickpea is the world's most important pulse crop. way ahead of any other. Although more than 
80% ofthe chickpea in the world is produced on the South Asian subcontinent. it is an important crop 
in many other countries. particularly in the regions of Central and West Asia, around the Mediterra-
nean. in some northeastern African countries. and in Mexico and other countries in Latin America. 
More recently it has been produced in Australia and New Zealand and in the United States. 1 first 
encountered chickpea as part of a salad dish commonly used in the United States. When I carne to 
ICRISAT. of course, I encountered it as dhal and as flour. And in West Asia, as a paste mixed up with 
vegetable oils in a preparation known as homos. I have heard about its use for animal feed, and there 
are supposedly numerous other uses of the crop. I hope that you will think about the utilization of the 
crop. in deciding what research is needed for the Nineties. 
Although chickpea is an important crop in many parts of the world. the results of research over the 
last decade are not particularly promising. Dr Saxena will tell you that global production and yield 
of chickpea has not changed very much in recent years. although in some countries there have been 
significant increases. particularly in Turkey. in Australia. in my own country of New Zealand, in 
Myanmar. in the U.S .• and more recently in the Sudan. On the other hand. according to the abstracts 
of your papers, the crop has declined in Ethiopia, Spain, and Iraq. 
India has made substantial increases in pulse production in recent years. This has corne about 
largely because India has embarked upon a concentrated effort to increase food crop production. not 
particularly because of any inherent increase in the productivity of this crop. Iraq imports 90% ormore 
of its chickpea and India also imports a large amount. New Zealand sells its chickpeas to India. Dr 
von Oppen, who will speak on economic issues. points out the indicators suggest that the prospects 
for increase in demand are good. And yet many authors complain or comment upon the relatively poor 
yields, and they speak about lack of adequate moisture. poor weed control, low orno inputs. and a near 
absence of research. Furthermore. the crop has been called "recalcitrant", meaning that it does not 
respond particularly well to efforts to bring about significant improvement in genetic potential. Two 
ICRISAT scientists have concluded that there has been no significant change in yield potential in 
chickpea in India in 20 years or more. Two others say that the crop is unlikely to progress in the 
northern part of this subcontinent because of the existence of several serious diseases. All these do 
not speak well for increased production of chickpea in its traditional locations. Perhaps these will not 
be the places where chickpea will be grown in the future. The production and the research effort may 
shift to where chickpea seems to have greater comparative advantage. 
The world is changing fast all around us. It would not be unwise to assume that international trade 
in agriculture will know few barriers by the year 2000. Crops will be grown wherever they have the 
greatest comparative advantage. Farmers who have a real interest in growing the crop and doing it weB 
will benefit from their efforts. And countries that are willing to invest adequately in research on the 
crop will find that they will have an export market as a result. If you will think in those terms. you 
will prepare for chickpea to play an important role as a commercial commodity in the future, and 
perhaps embark upon some interesting and new types of research for yourselves. 
The most significant advance in chickpea productivity in recent years has been through winter 
sowing in the Mediterranean area. Significant increases in yield are possible, and the change wiJ] 
enable chickpea to substitute for or add to lentils in rotation with wheat and barley. That is extremely 
important in these days of concern for the sustainability of agriculture. and it is a very good reason for 
ensuring that a great deal more research is done on chickpea in those particular regions. 
Short-duration kabuli chickpeas seem to be proving attractive in the south of India, around 
ICR1SA T, and 1 am pleased to say that we have helped in bringing about that change. The short-season 
crop escapes terminal drought stress and the kabuli type is proving popular in the market. How well 
these new trends will continue only a few more years will te1l! But they seem to be quite promising. 
The abstracts of the papers to be presented at the Workshop give examples of several other potentially 
important scientific advances. You will he able to judge those much better than I can. Perhaps they 
will lead to breakthroughs in various parts of the world and adjustments in chickpea production. J was 
particularly pleased to note that several of the papers had been authored jointly by scientists from 
different countries. That to me, suggests. that there is already good cooperation among chickpea 
scientists. It sounds like the basis for an extremely good outcome to this meeting. and for effective 
cooperation in research on chickpea in the future. 
Drs N. Smith and D.G. Faris will describe the usefulness of networks in helping countries, 
particularly those that are short of funds, to get more advantage from cooperative trials and research 
projects. Most networks. in my view, are more form than substance. I hope that your networks will 
be different, and I am encouraged by the fact that already you cooperate well together. 
So I wish you all a successful conference. I hope that you will enjoy your stay al ICRISAT, that 
you will be rested as well as exhilarated and ready at the end of the week to once again tackle Indian 
Airlines and that you all return home quickly and safely to your home countries. My best wishes for 
a successful year, and fruitful research on Chickpeas in the Nineties. 
Thank you very much! 
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ICRISAT's Legumes Program 
D. McDonald I 
On behalf of ICRISA T's Legumes Program I welcome you to this important chickpea workshop. 
would like to provide you with a brief overview of the Legumes Program. its responsibilities. 
organization. and some of its activities. This may help you if you wish to meet some of our staff 
working on other legume crops during your visit. 
ICRISA T's mandate covers three legume crops~hickpea. pigeonpea. and groundnul. Chickpea 
and pigeonpca are the principal pulses of the Indian subcontinent, and are very important in the 
nutrition of the people of this region. 
As many of you are already aware, chickpea is grown in South and West Asia, in several countries 
of Africa and the Americas, in Australia. and in Mediterranean countries. The bulk of the crop, around 
80% of world production. is grown on the Indian subcontinent. The mandate to improve chickpea 
production is split between International Crops Research Institute for the Semi-Arid Tropics 
(ICRISAT) and International Center for Agricultural Research in the Dry Areas (lCARDA). 
IC ARDA with its base in Syria concentrates research on the large-seeded kabuli type of chickpea that 
is commoly grown around the Mediterranean and in West Asia, while ICRISAT Center gives greater 
emphasis to work on the smaller-seeded desi types more commonly grown in India. 
Pigeonpea is very widely grown in tropical and subtropical regions of the world, but it is difficult 
to calculate production in many regions as it is rarely grown as a field crop outside of South Asia. and 
eastern and southern Africa. It is estimated that around 90% of world pigeonpea production is from 
the Indian subcontinent. Research on pigeonpea is coordinated from ICRISAT Center and most of 
the research is done in India, but a small program has recently been established in Kenya to serve those 
areas of eastern Africa where the crop is grown. 
Our third legume. groundnut, is widely grown in tropical and subtropical regions of the world and 
is important as a source of protein to humans and livestock, and very important as a cooking oil. The 
haulms left after removal of the pods provide a nutritious hay that is in high demand in arid regions 
where there is a scarcity of forage for livestock. The People's Republic of China and India are the 
largest producers together contrihuting over 50% of the world's production. 
Groundnut research on global and Asian problems is organized from ICRISAT Center. while a 
research team based in the lCRISAT Sahelian Center in Niger looks after West African problems, and 
another team in Malawi is responsible for research on the crop in member countries of the Southern 
African Development Coordination Conference (SADCC). 
The need to improve production of chickpea, pigconpea, and ground nut is apparent when one 
compares their low average yields in the semi-arid tropics(SAT)offromO.65toO.85tha l with individual 
SAT-fanners' yields of over 3 t ha I, and research farm yields of well over 5 thai. 
Our research ~mphasis is directed at alleviating production constraints of chickpea, pigeonpea, and 
groundnut grown under rainfed conditions and, for the most part, in low-input fanning systems. We 
are concerned with both abiotic and biotic constraints and for all three crops we are working on 
drought. nutritional problems, photoperiod, temperature, and humidity effects. diseases. and pests. 
Our major approach to these prohlems is through the use of genetic resistance or tolerance to individual 
stress factors, and we work closely with the ICRISATGenetic Resources Unit which provides us with 
varieties and landraces of our crops and genotypes of their wild relatives for use in gennplasm 
enhancement and breeding programs. In our Legumes Program here at ICRISAT Center we have 
seven disciplinary units: three Breeding Units, one for each crop: and Units of Crop Physiology, 
Pathology, Entomology, and Cell Biology where scientisls work on all lhree crops. We also have rhe 
coordinating Unil of the Asian Grain Legumes Network. and a special Legumes On-fann Tesling and 
Nursery Unit (LEGOFfEN) set up in response to a request from our host government to cooperate 
I. Program Director, Legumes Program. International Crops Research InstilUte for the Semi-Arid Tropics (lCRISAT). 
Patancheru, Andhra Pradesh 502 324, India. 
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with Indian national programs to promote increased production of the three ICRISA T mandate 
legumes by on-fann testing and demonstrations. 
Legume scientists work in close cooperation with scientists of the Resource Management Program 
who incorporate ICRISAT legumes and cereals crops into improved and sustainable fanning systems. 
As we have developed gennplasm collections, pursued crop improvement research, and built up 
strong technological and infonnation bases, we have simultaneously been setting up cooperative 
linkages with national agricultural research systems (NARSs) so that the benefits of ICRISAT work 
can be effectively transferred to them. Our strategic plans envisage significantly increased coopera-
tive research and training activities. As some developing countries in Asia are making rapid advances 
in developing their agricultural research infrastructures, and as many other countries are doing their 
best to follow suit, we have to re-think our strategies for cooperative research and training. We have 
to arrange for training of national systems scientists in advanced technologies to assist them in their 
home institutions. This has influenced our plans to further develop the capabi lities of the Program in 
respect of advanced biotechnological methods. Hopefully. some NARSs will later be able to offer 
training and assistance in these research fields to scientists in other countries where facilities and 
expertise have yet to be developed. Emphasis will also have to begiven at the other end of the research 
scale to development of production technologies suited to specific agroecological and socioeco\ogical 
conditions, and capable of giving stable and sustainable yields of our legumes. 
In trying to meet the research and training needs of NARS we have received excellent cooperation 
from organizations such as Food and Agricultural Organisation of the United Nations (FAO). 
Australian Centre for International Agricultural Research (ACIAR). Peanut Collaborative Research 
Support Program (Peanut CRSP). International Development Research Centre (IDRC). and Centre 
de cooperation internationale en recherche agronomique pour Ie developpement (CIRAD). 
Objectives of the Workshop 
The Chickpea in the Nineties (Second International Workshop on Chickpea Improvement) will bring 
together leading chickpea scientists from around the world to: 
• summarize the present status of chickpea production and utilization; 
• review progress since the first international chickpea workshop in 1979; 
• project future goals for production and use of chickpea; 
• identify constraints impeding progress, and research needed to reach these goals; 
• prioritize research needed to overcome the constraints; 
• recommend and develop collaborative research proposals based on these priorities; and 
• suggest the resources and training required to effect these proposals. 
An interesting field visit will form a part of the program. 
Purpose 
Scientists from many different countries are participating, and we expect to have useful and lively 
brainstorming sessions that will have an impact on chickpea research and development in the Nineties 
and beyond. 
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Objectifs du Colloque 
Le Pois cruche dans les annees 90 (Deuxieme colloque international sur I'amelioration du pois chiche) 
reunira les chercheurs les plus importants travaillant sur Ie pois chiche dans Ie monde entier, afin de : 
• faire Ie point du statut actuel de la production et de I'utilisation du pois chiche; 
• revoir les progres effectues depuis Ie premier colloque international sur Ie pois chiche tenu en 1979; 
• projeter les objectifs futurs pour la production et l'utilisation du pois chiche; 
• identifier les contraintes entravant Ie progres, et la recherche necessaire pour atteindre les buts 
envisages; 
• etablir les priorites pour la recherche necessaire A la maitrise de ces contraintes; 
• recommander et elaborer des propositions de recherche collaborative basees sur ces priorites; et de 
• suggerer les ressources et la formation requises pour realiser ces propositions. 
Le programme comportera egalement une visite interessante aux champs. Des chercheurs de nombre de 
pays differents participeront A ce Colloque, et I'on espere avoir des seances d'echanges d'idees utiles et 
animees qui auront un impact sur la recherche et Ie developpement du pois chiche dans les annees 90 et 
au-dela. 
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Problems and Potential of Chickpea Production 
in the Nineties 
M.e. Saxena 1 
Abstract 
Though global production and yield of chickpea (Cicer arietinum L.) has not increased markedly 
in the past few decades, the world's population has been rising. Consequently, the net availabil-
ity of chickpea per caput has declined. There is a large gap between the potential yield and the 
farm yield. Major factors responsible for this are inappropriate production practices including 
weed control, inadequate biological nitrogen fixation, damage of crop by several pathogens and 
pests, and susceptibility of cultivars to abiotic stresses. Recent research has addressed these 
constraints by: (i) characterizing the photothermal regulation of flowering to facilitate identifi-
cation of genotypes best adapted to specific areas; (ii) studying genotype x environment interac-
tion to adapt the crop and the associated microsymbiont in the niches available in different 
cropping cycles in traditional and non-traditional chickpea areas; (iii) identifying sources and 
mechanisms of resistance to major biotic and abiotic stresses in both cultivated and wild Cicer 
spp; (iv) developing techniques, by application of appropriate biotechnological tools, to transfer 
desirable traits in high-yielding and adapted backgrounds; (v) developing integrated pest and 
disease control; and (vi) testing improved genotypes and production techniques in different 
cropping systems through on-farm research with socio-economic appraisal. These researches 
have started producing results of considerable practical importance and their application 
through appropriate transfer of technology should lead to increased productivity and production 
of chickpea in the future. 
Resume 
Problemes et Ie potentiel de III production du pois chiche dllns les IInnees 90: Si les dernieres 
decennies n 'ont pas temoigne d'une amelioration sensible de la production mondiale et du 
rendement du pois chiche (Cicer arietinum L.), la popUlation mondiaJe, par contre, ne cesse 
d 'accroitre. Par consequent, la disponibilite nette de pois chiche par habitant est en baisse. II 
existe un ecart important entre Ie rendement potentiel et Ie rendement au champ. Les facteurs 
importants responsables de cet etat des choses sont : les pratiques culturaJes peu adaptees y 
compris la lutte contre les adventices, l'insuffisance de la fixation biologique de lazote, les 
degats aux cultures par divers agents pathogenes et ravageurs, ainsi que la sensibilite des 
cultivars aux contraintes a biotiques. Afin de faire face aces contraintes, les travaux de 
recherche recents ont porte sur: (1) la caracterisation de la regulation photothermique de la 
floraison pour faciliter 1 'identification des genotypes Ie mieux adaptes a des sites specifiques; 
(ii) l'Ctude des interactions genotype)( environnement afin de pouvoir integrer la culture et son 
microsymbiont associe dans les niches disponibles dans Ie cadre des cycles de culture differents 
dans des zones de pois chiche traditionnelles et non-traditionnelles; (iii) 1 'identification des 
I. Program Leader/Agronomist·Physiologist. Food Legume Improvement Program. International Center for Agricultural Research in the 
Dry Areas (ICARDA). P.O. Box 5466. Aleppo. Syria. 
Citation: ICRISAT (International Crops Research Institute for the Semi·Arid Tropics). 1990. Chickpea in the Nineties: proceedings of 
theSecond International Workshop on Chickpea Improvement. 4·8 Dec 1989. ICRISAT Center. India. Palancheru. A.P. 502 324. India: 
ICRISAT. 
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sources et des mecanismes de resistance aux contraintes majeures biotiques et abiotiques dans 
Cicer spp. cu1tive et sauvage; (iv) 1a mise au point de techniques, par 1 'application des outils 
biotechno1ogiques appropries, permettant 1e transfert des caracteres desirables dans des 
varietes adaptees et A haut rendement; (v) la mise au point d'une lutte integree contre les 
maladies et les ra vageurs; et (vi) la mise A 1 'essai des genotypes et des techniques de production 
ameliores dans des systemes de culture differents, et ceci par J'intermediaire de recherches en 
milieu del accompagnees de bilans socio-economiques. 
Ces travaux de recherche fournissent dejA des resu1tats d 'une grande importance pratique. 
uur application, grjce A un transfert de technologie approprie, devrait conduire a 1 'ameliora-
tion de 1a productivite et de la production de pois chiche a 1'avenir. 
On a global basis, chickpea (eirer arietinum L.) is the 
third most important pulse crop after dry beans 
(Phaseo/us vulgaris L.) and dry peas (Pisum sativum 
L.). Although predominantly consumed as a pulse, dry 
chickpea is also used in preparing a variety of snack 
foods. sweets and condiments (Saxena 1987c). Green 
fresh chickpeas are commonly consumed as a vege-
table for a short period before the crop is mature. 
Nutritionally, chickpea is relatively free from various 
anti nutritional factors, has a high protein digestibility. 
and is richer in phosphorus and calcium than other 
pulses (Ramalho Ribero and Portugal Melo in press). 
Because of its higher fat content and better fiber di-
gestibility. chickpea holds great promise as a protein 
and calorie source for animal feed for both ruminants 
and non-ruminants (Cordesse in press; Ramalho Rib-
ero and Portugal Melo in press). Chickpea straw has a 
forage value comparable to other straws commonly 
used for livestock feed (Ramalho Ribero and Portugal 
MelD in press). Because of these diversified uses of the 
crop and its ability to grow better with low inputs under 
harsh edaphic and arid environments than many other 
crops. it is an important component of the cropping 
systems of subsistence farmers in the Indian subconti-
nent, West Asia. and North Africa. Some of these 
attributes together with its ability to derive more than 
70% of its nitrogen from symbiotic dinitrogen fixation 
(Saxena 1988) make chickpea a promising crop for the 
. alternative agriculture' that is now attracting consid-
erable attention in the industrialized world (National 
Research Council 1989). 
Changes in Chickpea Production in 
Relation to Population Growth 
The changes in area. production. and yield of chickpea 
on a global basis and in Asia in the last five decades are 
shown in Table I. A comparison of the data for 1934-
38 with those for 1961-65 shows a 50% increase in 
production both in Asia and worldwide. However, 
since 1965 there has been a slight reduction in produc-
tion following a reduction in the area sown. in spite of 
some increase in the productivity of the crop. In 
contrast. the population has grown continuously (Table 
2) in this period, showing a 163% increase in Asia and 
Table 1. Change in area, production, and yield of chickpea in Asia and in the world in the last five decades. 
Asia World 
Area Production Yield Area Production Yield 
Period (101 ba) (103 t) (t ha- I ) (103 hal (103 t) (t ha- I ) 
193~38 7790 4280 0.55 8760 4700 0.54 
1948-52 9060 4800 0.53 10300 5400 0.52 
1961-65 10843 6443 0.59 11865 7039 0.59 
1971-75 9020 5519 0.61 9968 6349 0.64 
1979-81 8747 5377 0.61 9530 5971 0.63 
1986-88 8948 6249 0.70 9747 6846 0.70 
Source: FAO Production Yearbooks, FAO. Rome. 
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Table 2. Change in population in Asia and in the world 
in the last five decades. 
Population (millions) 
Year Asia World 
1937 1137 2136 
1954 1454 2658 
1967 1987 3502 
1981 2624 4513 
1987 2939 5026 
1988 2994 5114 
Source: FAO Production Yearbooks, fAO, Rome. 
139% worldwide from 1937 to 1988. The negative 
effects of these changes on per capita availability of 
chickpea are obvious. And the sector most affected by 
this reduced availability is the rural poor, in whose diet 
chickpeas, like other pulses, play a dominant nutri-
tional role (Oram and Belaid 1989). Efforts will have to 
be made in the J 990s to increase the production of 
chickpea at a faster rate than in past decades, and that 
is the challenge to researchers and the extension and 
production agencies concerned with the crop. 
The status of area, production, and yield of chickpea 
in major geographical regions in the world during the 
1980s is shown in Table 3. The major regions are the 
Indian subcontinent including Myanmar; West Asia, 
North Africa, and Southern Europe; Ethiopian and the 
East African Highlands; the Americas (mainly Mex-
ico); and Australia (Smithson el al. 1985). The major 
share in area and production is that of Asia followed by 
Africa, the Americas, and Europe. Yields on a regional 
basis are higher in Europe, and in the Americas than in 
Asia and Africa. Average yields are higher in the 
countries where the crop is raised under more assured 
moisture supply conditions because of either higher 
rainfall (e.g., in Greece and Italy), or partial or com-
plete irrigation (e.g .. in Mexico and the Nile Valley). 
The global yield averaged over 1985-87 is, however. 
low at 0.7 t hal and is close to that of Asia, where the 
crop is generally grown in harsh production environ-
ments. Raising the productivity in Asia is the key to 
global improvement in the production of the crop. 
Prospects for Increased Production in 
the Nineties through Area Expansion 
Because of the increasing demand for other food crops, 
and the decreasing possibility for bringing newer areas 
under crop production. scope for increasing chickpea 
production through area expansion on a long-tenn 
basis is rather limited. However, if the economics of 
production of chickpea could be improved, it could 
gain areas in several countries in West Asia, North 
Africa, and Mediterranean Europe, which over the past 
few decades have experienced a reduction (Pluvinage 
in press). Compared to other crops, the economics of 
chickpea production in these areas was poor because of 
low yields, and high labor costs due to a lack of 
mechanization of operations and lack of chemical 
weed control. Fortunately. these problems are being 
addressed by recent research. and practical solutions 
are becoming available for adoption. Scope also exists 
to increase the area under chickpea through replace-
ment of fallow. This program is receiving high priority 
in several countries in the West Asia and North Africa 
(W ANA) region where nearly 20% of agricultural land 
is left fallow (Oram and Belaid 1989). Turkey has taken 
a lead in this regard by initiating a program of more 
efficient use of fallow land through a pilot project with 
the assistance of the World Bank. The first phase of the 
project staned in the late 1970s, and the second phase 
is currently undelWay. Rotational studies conducted in 
southeastern Anatolia on a long-tenn basis. showed 
that although wheat yields in 'fallow-wheat' rotation 
were the highest (3.4 t ha . I) amongst various two-course 
rotations, the yields in 'chickpea-wheat' rotation were 
only marginally lower (3.2 t ha I), whereas those in 
'wheat-wheat' rotation were nearly half of that level 
(1.89 t hal) over the period 1983-88. There was an 
additional yield of nearly J t hal of chickpea and J .76 
I of wheat in 'chickpea-wheat' and 'wheat-wheat' 
rotations in the year when 'fallow-wheat' rotation was 
in the fallow phase (Oram and Belaid 1989). 
These results have been used as a base for an educa-
tional campaign, accompanied by the provision of 
inputs. machinery, and credit. to replace fallow by 
legumes such as chickpea, lentil, and vetch. There was 
an overall reduction of 33% in the fallow area in Turkey 
between 1979 and 1986. The impact of this has been 
that the area under chickpea grew at an annual rate of 
15.9% between 1980-1986, and production has nearly 
doubled although the yields have slightly decreased 
(Table 3). Cold, drought. and ascochyta blight are 
major yield constraints for chickpea in those areas of 
the Anatolian plateau where fallows are being replaced 
by the introduction of this crop. Development of cold. 
drought, and ascochyta blight resistant genotypes 
adapted to these environments and appropriate agro-
nomic practices could lead to further improvement in 
production in these areas through increased yields. 
If the main reason for the striking success in reducing 
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Table 3. Chana_ in area, production, and yield of chickpea over periods 1979-81 and 1985-87 in different countries 
(F AO, 1988). 
Area ( 10J ha) 
1979-81 1985-87 
North Africa 169 194 
Algeria 42 63 
Egypt 7 9 
Morocco 53 81 
Tunisia 67 41 
Eastern Africa 181 240 
Ethiopia 154 180 
Tanzania 27 60 
South Asia 8341 8431 
Bangladesh 57 48 
India 7092 7163 
Myanmar 127 177 
Pakistan 1065 1043 
West Asia 354 724 
Iran 48 101 
Iraq 20 16 
Palestine 4 4 
Jordan 2 2 
Lebanon 2 2 
Syria 65 67 
Turkey 213 532 
South Europe 158 131 
Greece 15 5 
Italy 14 9 
Portugal 35 25 
Spain 92 90 
Central and 
South America 243 192 
Mexico 195 150 
Argentina 5 3 
Chile 18 15 
Peru 3 3 
Oceania 0 34 
Olhers 84 84 
TOlal 9530 10030 
Source: FAO Production Yearbooks, FAD, Rome. 
fallow and diversifying the cropping system through 
the introduction of chickpeas to the rainfed areas of 
southeastern Anatolia was the special ecological situ-
ation of the upland areas, this approach should be 
applicable in Afghanistan, Iran, nonhern Iraq, nonhern 
Pakistan, Nepal. Mexico, Ethiopia, and pans of Algeria 
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Production 
(IOJ t) Yield (t ha- I ) 
1979-81 1985-87 1979-81 1985-87 
94 118 0.56 0.61 
16 17 0.39 0.27 
11 15 1.54 1.57 
38 55 0.62 0.68 
29 31 0.44 0.75 
135 155 0.75 0.65 
128 135 0.83 0.75 
7 20 0.28 0.33 
4989 5690 0.60 0.68 
40 37 0.70 0.78 
4474 4935 0.63 0.69 
79 154 0.61 0.87 
396 564 0.37 0.54 
366 720 1.03 0.99 
52 73 1.09 0.72 
12 12 0.63 0.77 
4 6 1.30 1.64 
I I 0.60 0.53 
3 3 1.15 1.28 
49 40 0.72 0.60 
245 585 1.15 1.10 
98 90 0.61 0.69 
15 5 1.04 1.16 
16 10 1.18 1.15 
12 12 0.33 0.49 
53 60 0.56 0.70 
244 205 1.00 1.00 
218 177 1.10 1.18 
4 3 0.81 1.00 
9 II 0.51 0.85 
2 2 0.78 0.83 
0 36 1.06 
45 47 0.54 0.56 
5971 7061 
and Morocco (Oram and Belaid 1989). If however, the 
Turkish success was mainly due to technical achieve-
ments, economic incentives, good extension effons, 
and appropriate market development, it should be more 
widely applicable throughout the W ANA region. Ac-
cording to a very conservative estimate. there is currently 
a potential for the replacement of nearly six. million 
hectares of fallow land in this region by legumes such 
as chickpea. 
On the Indian subcontinent. where the high pressure 
of population on agricultural land necessitates intensi-
fication of cropping, the development of extra-short 
duration cultivars could permit the introduction of 
chickpea into those cropping systems lhat have tradi-
tionally been of low intensity because the available 
moisture supply is insufficient for double cropping 
with crops of normal duration. In a country such as 
Egypt, where intensity of cropping on the presently 
cultivated land is already high, newer areas are being 
reclaimed from the desert by irrigation. Chickpeas have 
shown great potential for introduction into these areas. 
There is also scope for further expansion of chickpea 
in such countries as Australia and those in North 
America, where the crop has only recently been intro-
duced, because of its potential role in economical and 
environmentally safe crop diversification, and in the 
development of a sustainable' alternative agriculture'. 
Prospects for Increased Production 
through Improved Yields 
Yield Gap 
As indicated earlier, the global productivity of chick-
pea has shown a trend towards some increase in the last 
few decades, but at 0.7 t ha-
' 
it continues to be rather 
low, and far below the potential levels of productivity 
actually realized at research stations. demonstration 
plots, and farmer managed on-farm trials. A chickpea 
yield analysis by Bahl and Baldev (1981) in the Indian 
states of Haryana, Uttar Pradesh, Madhya Pradesh, and 
Rajasthan, using the data of the coordinated varietal 
trials, the 'minikit' trials, and the state average, has 
shown a gap of more than 70% between the research 
station yield and the state average, and nearly 50% gap 
between the improved cultivar minikit yields on farm-
ers, fields and the state average. Similar data are 
available from the G.B. Pant University of Agriculture 
and Technology (GBPUAT 1986) in India, and Inter-
national Center for Agricultural Research in the Dry 
Areas (ICARDA) in Syria as shown in Figure 1. In fact, 
the yield gap is more than 80% in Syria, where the 
productivity of chickpeas in research station lrials and 
large demonstration plots has exceeded 4 t ha- I • The 
large gap between yields in on-farm demonstrations 
and average yields obtained by farmers points to the 
opportunities that exist for some major productivity 
gains by alleviating the production constraints at fann 
level. Recent national, regional, and international 
research efforts have helped in the identification of 
some of these production constraints and in developing 
appropriate solutions. 
Factors Affecting Productivity at Farm Level 
Several environmental, agronomic, and biotic factors 
constrain productivity of chickpea. The relative impor-
tance of these factors, however, varies from region to 
region because of the diversity of agroecological con-
ditions. Since the yield in chickpea under normal 
cropping conditions is dependent on the symbiotic 
association between the host plant and the specific 
Rhizobium, the crop is constrained in its performance 
when conditions for either of these become sub-opti-
mal. 
Environmental Constraints 
Drought is the major environmental constraint to 
chickpea productivity in many areas of the Indian 
subcontinent and the WAN A region because the crop is 
grown mainly on the receding soil moisture conserved 
from the rain received prior to the chickpea growing 
season. Development of genotypes that either escape 
drought because of short duration or have intrinsic 
properties to withstand drought would help to enhance 
and stabilize productivity in these areas. Work al 
International Crops Research Institute for the Semi-
Arid Tropics (ICRISA T) (Saxena 1987; ICRISAT 1989) 
and lately also at ICARDA (ICARDA 1989), has 
shown promising results. Traits such as high early 
vigor and fast development of canopy cover have 
shown high positive correlation with yield (ICARDA 
1989). 
In the W ANA region. where the crop is traditionally 
spring-sown, another major environmental constraint 
is the supra-optimal temperature regime during the 
reproductive phase of the crop (Fig. 2). ICARDA's 
strategy to deal with this constraint, and also to reduce 
the effect of drought, has been to shift the sowing date 
from spring (March/April) to early winter (early De-
cember) in the low-altitude areas of W ANA. This 
permits matching various phenological stages of crop 
development to the environmental conditions thal are 
optimum for them (Saxena 1987b). The results of this 
change have been striking - yields have shown phe-
nomenal increases, although the magnitude of increase 
has varied depending upon the severity of cold spells 
during winter (Fig. 3). The prerequisite for winter 
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Figure 1. Yield gap analysis for chickpea in Syria: A and 8 are the mean seed yields (t ha- 1) of 24 
genotypes in the CIYT- W-Mr-87 yield trial at research stations of Jableh and Jindiress; C is the yield (t 
ha- I ) of ILC 482 chickpea in yield maximization plot (2 ha); D is the yield (t ha-') in farmers' field (1.24 
hal of ILC 482 in 1985/86; and E: is the average yield (t ha-!) of chickpea in Syria in 1985-87. 
sowing of chickpea in WANA is a high level of cold 
tolerance and resistance to ascochyta blight, and there-
fore ICARDA in collaboration with the National Agri-
cultural Research Systems (NARSs) in W ANA has 
given major attention to this aspect of crop improve-
ment research (Singh in press). On-farm evaluation of 
winter sowing has shown large economic gains (lC-
ARDA 1988) and several NARSs have released culti-
vars adapted to winter sowing (Singh in press). 
Collaborative studies with scientists in southeastern 
France have shown that the advantage of winter sowing 
can be achieved even in cooler env ironmenls than those 
found in the low-altitude sites around the Mediterra-
nean Sea. Using ICARD A-developed chickpea breed-
ing lines in sites with minimum temperatures ranging 
from -1O"C to -18.5OC, Wery (in press) showed that it 
was possible to group them into three categories based 
18 
on their 'frost resistant ratio' (i.e., number of plants at 
harvest:number of plants emerged): (I) Fall type 
(resistant to frost; e.g .. FLIP 81-293C, FLIP 82-128C, 
FLIP 83-7C), (2) Winter type (tolerant to frost: e.g .. 
ILC 3279. ILC 482. INRA 199), and (3) Spring type 
(susceptible to frost; e.g., ILC 1929). The first group 
included cultivars that withstood as Iowa temperature 
as -12.5°C with no snow cover on the crop. The second 
and the third group had decreasing levels of cold 
tolerance. Wery ( t 988) showed that chickpea cultivars 
in category 1 (e.g .• FLIP 81-293C) could be used for 
autumn sowing in plateau areas with a yield potential of 
nearly 5 t ha·1• Research on enhancing cold tolerance in 
chickpea has made ex.cellent progress at ICARDA 
(Singh et al. 1989a) and it is being complemented by 
collaborative basic research with scientists in Jtaly and 
France. 
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.Figure 2. Crop phenology of winter- and spring-sown chickpea fLC 482 in relation to the weather 
conditions during the period of crop growth at Tel Hadya, Syria, 1985/86. 
Another promising line of work with respect to 
adaptation to environment is being pursued at lCRI-
SAT (Saxena et at 1988). It aims at improving flow-
ering and pod setting at low temperatures in the crop 
grown under northern Indian conditions so that the 
reproductive period of growth, and thus build-Up of 
economic yield could be increased. Recent studies 
(lCRISA T 1989) have shown that there are lines setting 
pods when night temperatures ranged from 7"C to -I "c 
and several of these indeed have a high harvest index; 
but their yields are still not higher than those of the 
conventional types. Obviously more work on varietal 
improvement and development of optimum agronomy 
is needed. 
Matching the crop phenology with environmental 
conditions to ensure that eltploitation of the available 
environmental resources is maximized, is the key to 
reducing the environmental constraints to crop produc-
tivity in stressful environments (Buddenhagen and 
Richards 1988). Chickpea breeders have, therefore, 
developed systems to evaluate genotypes specifically 
targetted to the environments available in different 
cropping systems. National programs such as the All 
India Coordinated Pulses Improvement Program 
(AICPIP) and international centers such as ICRISA T 
and ICARDA have diversified their screening nurser-
ies and yield trials keeping the target environments and 
niches in the cropping systems in view, and this has 
faci Htated identification of cultivars well adapted for 
the purpose (lCARDA 1989; ICRISAT 1989), This 
direction will have to be increasingly followed. Fortu-
nately, the recent research work on photothermal 
modulation of flowering in chickpea has permitted the 
development of predictive models (Roberts et al. 1985) 
and simple and efficient protocols for characterizing 
the germplasm for this phenological trait (Roberts and 
Summerfield 1987). These will further help breeders to 
develop genotypes weB adapted to different environ-
mental conditions. 
Agronomic Constraints 
Whereas use of landraces and unimproved cultivars 
with low inherent yield potential and susceptibility to 
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stations of ICARDA, 1986/87. 
abiotic and biotic stresses continues to be a major yield 
retardant (Bahl and Baldev 1981). there are many other 
agronomic factors that prevent full realization of the 
yield potential at farm level (Saxena 1987a). Since 
chickpea is grown in diverse environmental conditions 
and cropping systems. not only the cultivars but also the 
agronomic practices suitable for each of these condi-
tions have to be identified and recommended to the 
fanners. On-fann trials to validate research station 
results for different agroecological conditions and 
cropping systems become important in this regard. 
Inadequate plant sland is the most common yield 
retardant in many production areas in the world 
(Sheldrake and Saxena 1979; Saxena 1987a). The 
effect of inadequate plant stand becomes particularly 
conspicuous in those cropping situations where the 
adverse environmental conditions do not permit yield 
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compensation by increased per plant producti vity. Poor 
quality seed, conventional sowing methods. inadequate 
seedbed preparation. lack of seed treatment against 
seedling diseases. and damage by rodents and birds are 
some of the common causes of inadequate plant stand. 
Good information on methods to improve plant stand is 
available and should be transferred to farmers for 
adoption. The use of grain drills in WANA has permit-
ted establishment of more uniform and optimum plant 
stands with lower seed rate, in contrast to the traditional 
broadcast sowing using ducks-foot cultivators. Since 
suboptimal soil moisture content at the seeding depth is 
often responsible for inadequate emergence, studies on 
genotypes able to germinate at low soil moisture con-
tent have been undertaken, and if this trait could be 
combined with other economic traits it would help to 
increase and stabilize chickpea production. Differ-
ences among genotypes have also been found in the 
ability of seeds to withstand long periods of wet and 
cold seedbed conditions common in the plateau region 
(Wery 1988), and these can also be exploited while 
adapting chickpea for autumn or winter sowing at high 
altitudes in W ANA. 
Weeds cause considerable loss in yield of chickpea 
(Bhan and Kukula 1987). Although weeding by hand 
to prevent weed competition during the period before 
the development of a full canopy cover has invariably 
been most effective, limitations of labor and high labor 
costs often prevent the adoption of this method particu-
larly in W ANA. Through the International Chickpea 
Weed Control Trial coordinated by ICARDA, several 
national programs in W ANA have identified effective 
herbicides to control weeds. The best treatments have 
involved the preemergence application of such herbi-
cides as terbutryne (2.5 t04kg a.i. hao' ), chlorbromuron 
(1.5 to 2.5 kg a.i.hao' ), methabenzthiazuron (3.0 kg a.i. 
ha I) or cyanazine (0.5 to 1.0 kg a.i. ha I) either alone or 
incombination with pronamide (0.5 kg a.i. hal) for wide-
spectrum weed control (Saxena 1987a). There is a need 
to evaluate these treatments on fanners' fields and 
demonstrate their value. On-fann evaluation of effective 
weed control treatments in northern Syria gave yield 
increase of 17-105%, the effect being particularly 
conspicuous in the winter-sown crop (Ie ARDA 1986). 
Since the productivity of chickpea in many areas is 
constrained by the lack of moisture, particularly during 
the reproductive growth phase, supplementary irriga-
tion (if available) can improve and stabilize yields. 
Studies at ICARDA have shown that yields of both the 
spring- and winter-sown chickpea crop can be im-
proved by a supplemental irrigation with 50 to 100 mm 
of water, the relative improvement in yield being more 
in the spring-sown crop (ICAR DA 1988). There are 
large genotypic differences in response to supplemen-
tal irrigation, and work is in progress at ICARDA to 
make use of this variation in improving the productivity 
of chickpea (lCARDA 1988) since many fanners in 
W ANA have access to water for supplementary irriga-
tion. 
Inadequate symbiotic nitrogen fixation, either be-
cause of lack of an adequate soil popUlation of Rhizo-
bium, or inefficacy of the strains present, or unfavor-
able environmental conditions for symbiosis, can cause 
reduction in chickpea yield. As the adaptation of 
chickpea is being extended to newer areas, this aspect 
becomes increasingly important. Work at ICARDA 
has shown high genotype x strain interactions for 
symbiotic nitrogen fixation and yield (lCARDA 1989). 
A simple technique involving intact soil cores to assess 
the efficacy of symbiotic nitrogen fixation of a strain 
has been developed. Polyclonal antibodies have proved 
valuable in distinguishing the effective strains from the 
native population using ELISA techniques (Makkouk 
et al. 1989). A technique for assessing the need for 
inoculation is being disseminated to the national pro-
grams so that scope for introduction of improved bio-
logical nitrogen fixation (BNF) on farmers' fields can 
be determined. One of the reasons for growing chick-
pea in rotation with cereals is to conserve soil nitrogen. 
Hence nitrogen balance stud ies on the whole system are 
important, and these are being conducted in collabora-
tion with the national programs in WANA. Results 
obtained so far suggest that there is scope for improve-
ment in the BNF of chickpea in W ANA, and similar 
studies are needed in other areas. 
Biotic Constraints 
A major biotic constraint to the productivity of chick-
pea is the damage to the crop by diseases, insect pests, 
nematodes, and parasitic weeds. These organisms are 
also responsible, to a large extent, for the instability in 
the yield of the crop in the major production areas in the 
world. 
Although a large number of pathogens affects the 
crop, the most serious diseases on a global basis are 
those caused by Ascochyta rabiei (ascochyta blight), 
Fusarium oxysporum f.s. eieeri (fusarium wilt), Rhi-
zoctonia bataticola (dry root rot), Botrytis cinerea 
(botrytis gray mold) and bean leaf roll virus (stunt). 
The major insect pests include pod borers (Helieoverpa 
armi~era and Heliothis spp.), and leaf miners (Liriomyza 
cicerina and Phytomyza cicerina). Seed beetle (Cal-
losobruchus spp) damages stored produce and causes 
considerable physical and economic losses. Root-knot 
(Meloido~yne artiellia), cyst (Heterodera cieeri), and 
root-lesion (Pratylenchus thorne i) nematodes com-
monly affect the crop, but their incidence is generally 
restricted to certain areas and cropping systems. Oro-
banehe spp (broomrapes) can adversely affect the pro-
ductivity of winter-sown chickpea in the Mediterra-
nean region in the fields infested with this parasite. 
Researchers have addressed these problems and in-
fonnation on yield losses, chemical control, and host-
plant resistance that have been developed has been 
recently reviewed for diseases (Nene and Reddy 1987; 
Singh 1987)andinsectpests(Reedetal.I987;Weigand 
in press). Host-plant resistance has been given higher 
priority because of its simplicity and the economics of 
its use by fanners. The development of integrated 
control measures based on host-plant resistance, cul-
tural methods, and selective use of safe chemicals has 
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also been emphasized. The transfer of this infonnation 
and technology is a major challenge that will have to be 
effectively met by national research and extension 
systems. As host-parasite interactions are dynamic. 
there is a need for continued efforts to identify newer 
sources of resistance in the cultigen and use them in 
breeding programs to develop durable multiple-stress 
resistance in genotypes adapted to specific environ-
ments. 
Wild relatives of crop plants contain a wealth of 
desirable characters including resistance to stress fac-
tors (Frey 1983) and wild relatives of chickpea are no 
exception. Work at ICARDA showed that higher 
levels of resistance to ascochyta blight. leaf miner. 
cold. and the only sources of resistance to cyst nema-
tode and seed beetle could be found in wild annual 
Cicer spp. accessions rather than in cultivated species 
(Singh et a1. 1989b). Techniques have to be developed 
to use the useful traits from the wild Cicer spp. by 
overcoming barriers to inter-specific hybridization. In 
vitro culture techniques will have to be developed and 
used. and work is already underway at several institutes 
including ICARDA and ICRISA T. In vitro techniques 
could also be appJ ied to recover mutants tolerant to 
particular antimetabolites such as host-specific patho-
toxins using somaclonal variation (Scowcroft 1989). 
Fortunately progress is being made in identification of 
pathotoxins for such host-parasite interactions as 
chickpea - Ascochyta rahiei and chickpea - Fusarium 
oxysporum (pers. commun. R.N. Strange. University 
College London). and this should facilitate work on 
breeding for resistance to the diseases caused by these 
pathogens. Also. better understanding of the mecha-
nisms involved in host-plant resistance to parasites can 
help in developing more efficient and rapid screening 
techniques for diseases and insect resistance. 
Breeding for host resistance could be further facili-
tated by application of restriction fragment length 
polymorphism (RFLP) since it pennits DNA finger-
printing. trait mapping. and marker-based breeding. 
and makes the reservoir of genetic material available in 
landraces, wild relatives and gennplasm accessions 
more accessible (West et al. 1989). In colhboration 
with the Institute of Botany of the University of Frank-
furt, FRG. some progress has been made by ICARDA 
in DNA fingerprinting using 32P-Iabeled (GATA)4 probe 
in the chickpea genome (pers. commun. K. Weising, 
University of Frankfurt and F. Weigand, ICARDA) 
and work at several other centers has also started. 
Development of non-radioactive probes for oligonu-
cleotide fingerprinting is also showing promise. 
Chickpea breeders should thus be able to routinely use 
this powerful tool in the nineties. Application of other 
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developments in biotechnology to improve host resis-
tance in chickpea also seems promising. Utilization of 
gene coding for the production of insect toxin by the 
spores of Bacillus thuringiensis (B.t.) can be an impor-
tant application of genetic engineering in chickpea. as 
it has been for several other crops (Delannay et al. 1989; 
Meeusen 1989). not only for controlling lepidopteran 
larvae (Dulmage 1981 ), but also for dipteran (Goldberg 
and Margalit 1977) and coleopteran (Krieg et al. 1983; 
Hermstadt et al. 1986) larvae. The technique uses the 
Agrohacterium tumefaciens transfonnation system. 
where transgenic A. tumefaciens serves as a vector for 
the desired gene (Meeusen 1989). Our tests on wild 
strains of A. tumefaciens have identified highly virulent 
strains (Weigand and Saxena 1989) that could eventu-
ally be used as vectors for transferring B.t. genes 
through a non-tissue culture technique. Of course, the 
possibility of using transgenic cultivars would depend 
upon the assurance of their safety, and the regulations 
in the country concerned in this regard. 
Use of an endophyte that produces some antibiotic or 
antifungal substances and thus protects the crop against 
pathogens is a new system for biological crop protec-
tion against diseases that is being commercially sold for 
some important crops by . Crop Genetics International, 
USA' (Carlson 1989). Scope for use of such a system 
in chickpea needs to be investigated. Some preliminary 
work at ICARDA showed that in the phyllosphere of 
ILC 482 chickpea there was a bacterium that showed an 
antifungal property for Ascochyta rahiei. 
Future Outlook 
The outlook for improving the production of chickpea 
and its yield in the nineties looks bright. The research 
gains made so far in tenns of improved production 
systems and locationally specific cultivars need to be 
consolidated and effectively transferred to fanners 
through national agricultural research and extension 
agencies. Better targetting of extension efforts. in-
creased emphasis on enhancing the production capac-
ity. and distribution of improved seeds. and appropriate 
governmental policy for price support, crop use and 
marketing would ensure that the potential for improved 
production and productivity as promised by the current 
research is actually realized on fanners' fields. N a-
tional programs will have to work more closely with 
their fanners in verification and validation of their 
applied research. and evaluating the socioeconomic 
consequences in different agroecological conditions 
and production systems. International centers. work-
ing closely with NARSs on one hand. and with institu-
tions in industrialized countries on the other, should 
backstop NARSs by developing better understanding 
of the physiological basis for yield and the mechanisms 
underlying resistance to stresses, devising more effi-
cient breeding and screening techniques, and ensuring 
that modem developments in biotechnology are ap-
plied in chickpea improvement. 
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Inaugural Session 
Main Items or Presentation and Discussion 
• When a farmer decides to grow chickpea for the 
first time he needs to know which crops it could 
replace, and what yield is needed for it to com-
pete economically with those crops. For example 
in Australia, the need to break continuous cereal 
cropping because of nematode infestations led to 
chickpea replacing wheat in some areas. 
• In the rainfed areas of the West Asia and North 
Africa (WANA) region, yield levels of about 
1 t ha- I make the crop competitive with cereals. 
• One of the constraints responsible for the yield 
gap between fanners' fields and experimental 
plots is the non-availability of effective, easy-to-
use herbicides. There is, therefore, a need for re-
search to find such herbicides, and this work 
should include on-fann trials with economic 
evaluation. 
• In the 1990s more emphasis needs to be given to 
finding new ways of using chickpea. The high 
protein content of chickpea makes it ideal for such 
uses as textured protein products, noodles, baby 
foods, and as a component of loaf and flat bread. 
It could also be used in mixed feeds for ruminant 
and non-ruminant animals. 
• In the 1990s consideration needs to be given to 
biological nitrogen fixation (BNF) by chickpea. 
In WANA, BNF is poorer in chickpea than in the 
other two common food legumes and the crop 
often suffers from nitrogen deficiency. Introduc-
tion of more effective strains of Rhizobium has 
shown good promise .. Need-to-inoculate' trials in 
fanners' fields have con finned the advantage of 
using efficient strains, even in traditional chick-
pea-growing areas. 
• Effective use of molecular biology requires basic 
genetic infonnation. Presently such infonnation 
is lacking for chickpea. Thus ICARDA intends to 
allocate about 10-15% of its resources for chick-
pea improvement to such basic research in the 
coming years. In collaboration with mentor insti-
tutions in industrialized countries ICARDA sci-
entists intend to develop infonnation on the basic 
genetics and cytogenetics of chickpea. ICARDA 
already has one such collaborative project in 
progress with institutions in Italy. 
Session inaugurate 
Princlpaux themes de presentation et de dtscUSIion 
• Lorsq u 'un paysan decide, pour la premiere f'lis, 
de cultiver Ie pois chiche, il a besoin de savoir 
quelles cultures celui-ci peut remplacer, et quel 
rendement permettra au pois chiche de concur-
rencer economiquement ces cultures. Par ex-
empie, en Australie, Ie besoin d'interrompre la 
culture continue des cereales it cause des infesta-
tions par les nematodes a provoque Ie rem-
placement du ble par Ie pois chiche dans cer-
taines regions. 
• Dans les zones pluviales de la region de l' Asie de 
1 'Ouest et de l'Afriquedu Nord (region 'WANA), 
des niveaux de rendement d'environ 1 t ha-1 
rendent la culture concurrentielle it l'egard des 
cereales. 
• Une des contraintes responsables pour I'ecart 
de rendement entre Ie milieu paysan et les par-
celles d 'essai est la non disponibilite d 'herbi-
cides efficaces et d'usage facile. II existe donc Ie 
besoin des travaux de recherche pour identifier 
de telIes herbicides; ces travaux doivent com-
porter des essais en milieu reel avec I'evaluation 
economique. 
• L'identification de nouvelles methodes d 'utili-
sation du pois chiche doit recevoir plus d'im-
portance dans les annees 90. La teneur tres ele-
vee du pois chiche en proteines Ie rend ideal 
pour les utilisations telles les produits it proteine 
texture, les pAtes, les aliments pour enfants, et 
comme composant du pain rond et du pain plat. 
II peut egalement ~tre utilise dans les aliments 
melanges pour les animaux ruminants et non-
ruminants. 
• Dans les annees 90, il serait utile de considerer 
la fixation biologique de I'azote par Ie pois 
chlche. Dans la region WANA, la fixation est 
plus faible chez Ie pois chic he que chez les deux 
aut res legumineuses alimentaires communes. 
La culture subit generalement une carence 
d'azote. L'introduction des Bouches plus effica-
ces de Rhizobium s'est revelee prometteur. Les 
essais 'Besoin d'inoculer' (Need-ta-inoculate 
trials) effectues en milieu reel ont confirme 
I'avantage de l'utilisation des souches efficaces, 
27 
memes dans les zones traditionnelles de culture 
du pois chiche. 
• L'exploitation efficace de la biologie molecu-
laire exige des informations genetiques de base. 
Actuellement, une telle information n'est pas 
disponible pour Ie pois chic he. Ainsi 11CARDA 
envisage-t-il affecter environ 10 a 15% de ses 
ressources de l'amelioration du pois chiche a de 
teIs travaux de recherche fondamentale dans les 
annees a venir. En collaboration avec les insti-
tutions guides dans les pays industrialists, les 
chercheurs de l'ICARDA envisagent Ie deve-
loppement de l'information sur la genetique et 
la cytogenetique fondamentales du pois chiche. 
L'ICARDA a deja mis en place un tel pro jet 
collaboratif avec des institutions en Italie. 
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Status and Potential 

World Market for Pulses and Implications 
for Chickpea Research 
M. von Oppenl 
Abstract 
World trade in pulses has been consistently increasing over the past ten years. From a stagnant 
3% of total production over many years, it began to increase to about 6% around 1980 and 8% 
around 1985; because their unit value is more than twice that of cereals, pulses are more 
transportable and can be expected to further advance in world trade to at least the level of 
cereals. which have long remained constant at around 12% of total production. At presenl more 
than 50% of the pulses exported originate from developing countries. and most of these are 
being imported by industrialized countries. 
The reasons for such a rapidly growing world market in pulses include the following: 
• in industrialized countries there is a growing demand for vegetarian diets and consequently 
for pulses and food products derived from pulses; 
• in several developing countries rising incomes lead to a growth in demand for pulses, e.g., in 
India; and 
• intensified agricultural research and exchange of information enables potential suppliers to 
take up production wherever a comparative advantage exists, e.g., in Australia. 
It is likely that chickpeas will follow these general statistical trends for pulses as a whole. 
Hence chickpea researchers would need to test the following hypotheses: 
Areas of comparative advantage for chickpea production can be identified on the basis of 
agroclimatic dala in combination with yield trials and field research on the costs of production. 
There are potential regions for chickpea production in other parts of the semi-arid tropics and 
subtropics. where presently chickpeas are grown only to a limited extent. 
Demandfor chickpeas will increase in industrialized as well as developing countries. 
Assuming that chickpeas are produced in areas of comparative advantage and that supplies of 
chickpeas increase in line with projected demand (so that prices remain remunerative and 
stable), new trade flows will develop; world chickpea trade will grow beyond 12% or even 20% 
of the total production. 
If the above hypotheses are correct, ICRISAT and lCARDA researchers may have to review 
their research priorities to decide whether chickpea research should remain focused on the 
traditional tarRet group of small producers and local consumers. 
Resume 
Msrche mondJs/ des /egumineuses, et /es cona«iuences pour Is recherche sur Ie poI6 chicbe : 
Depuis les dix dernieres annees, on cons tate une croissance reguliere du commerce mondial 
des Jegumineuses. Apres une stagnation, pendant pJusieuTS annees, A 39£, de la production 
globale, Ie commerce s ~st eleve A environ 6% veTS 1980, et A 8% veTS /985. Etant donne leur 
valeur unitaire plus de deux lois superieure A celie des «reales, les legumineuses sont plus 
lacilement transportees, et peuvent avancer davantage sur Ie plan du commerce mondial pour 
atteindn:: au moins Ie niveau des «dales. Celui-ci est longtemps reste constant A environ 12% 
1. Professor, Inslilute of Agricultural Economics and Social Sciences in rite Tropics, Univenitat Hohenheim, Institul 490. Posrfach 700 562. 
7000 Stuttgart 70, Federal Republic of Germany. 
Citation: ICRISAT (lnlemational Crops Research Institute for the Semi-Arid Tropics). 1990. Chickpea in rite Nineties: proceedings of rite 
Second International Workshop on Chickpea Improvement, 4-8 Dec 1989. ICRISAT Center, India. Patanc:heru, A.P. ~2 324. India: 
ICRISAT. 
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de la production globale. A I 7Jeure actuelle, plus de 50% des legummeuses exportees provien-
nent des pays en deve/oppement, Is plupart etant importees par les pays developpes. 
Les raisons dune telle expansion du marc he mondial des legumineuses sont, entre autres : 
• dans les pays industriaJises, la demande pour des regimes vegetanens ne cesse d 'accroitre; il 
y a, par consequent, une forte demande pour res cultures et des produits alimentaires 
derives; 
• dans plusieurs pays en developpement, notamment en Inde, l'augrnentation des salaires 
engendre une augmentation de la demande pour les legumineuses; 
• la recherche agricole intensifiee, et l'echange des informations, permet aux fourmsseurs 
potentiels de reprendre la production partout ou i1 y a un avantage comparatif, par 
exemple, en Australie. 
II est fort probable que Ie pois chiche suivra ces m~mes ten dances generales statistiques de 
I 'ensemble des legumineuses. Ainsi les chercheurs auront-ils A tester les hypotheses suivantes : 
Des zones d 'a vantage comparatif pour la production de pois chiche peuvent ~tre identifiees 
en fonction des donnees agroclimatiques, accompagnees d'essais de rendement et recherches 
en milieu reel sur les coats de production. II existent des zones potentielJes de production de 
pois chiche dans d'autres parties des regions tropicales et subtropicales semi-andes ou la 
culture des pois chiche est actuellement limitee. 
La demande pour les pois chiches s 'elevra progressivement tant dans les pays industrialises 
que dans les pays en developpement. 
Si les pois chiches sont produits dans des zones d 'a vantage comparatif, et si la fourniture des 
pois chiches augmente en fonction de la demande projetee (de fafon A ce que les prix 
demeurent remuneratifs et stables), il en resulterait une mise en place de nouveaux flux 
commerciaux. Le commerce mondial du pois chiche pourrait depasser, par consequent, J 2%, 
voire 20% de la production globale. 
Si res hypotheses s 'averent valables, les chercheurs de I'ICRISA T et de I'ICARDA auront 
peut~tre A revoir les priorites de leurs trava ux de recherche afin de decider si la recherche sur Ie 
pois chiche doit rester axee sur Ie but traditionnel de petits paysans et de consommateurs 
regionaux. 
The earlier state of stagnant or declining world pulse 
production in relation to steadily increasing cereal 
production has been reversed. Since the early 1980s 
pulse production has increased at a rate faster than 
cereals; the gap between the index of world pulse 
production and world cereal production is narrowing 
(Fig. 1 a). The proponion of pulses traded in the world 
rose from a long-time 3% to over 8% of world 
production in 1987. 
at the regional level, the continuous upward trend of 
pulse production at the world leve] is clearly visible 
(Fig. 1). For chickpeas, however, such a trend reversal 
has not yet begun; and one asks whether the reasons that 
have led to an increase in pulse production in the world 
during the 1980s are also valid for chickpeas in the 
] 990s. 
The increase in pulse production was expected for 
the following three reasons: breeders were optimistic 
about producing higher-yielding varieties; national 
and international demand and trade of pulses were on 
the increase; and a growing awareness by policy 
makers about the imponance of pulses for producer 
and consumer welfare in developing countries had 
led to a more active suppon of pulse improvement 
programs. These points have proved to be valid for 
pulses as a whole; however, chickpeas seem to follow 
a pattern and pace of their own. 
In 1986 we argued, "there are several reasons to 
believe that the past trend of stagnating pulse area and 
production of ] 970s is giving way to a moderately 
improving trend ... " (Rao and von Oppen ] 987). The 
expectations expressed then for Asia have been con-
firmed by the actual development in recent years (Fig. 
1b). 
Even though African data (Fig. 1 c) show a decline in 
the index of pulse production and those for Africa and 
Asia (without China) both indicate a high variability 
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The development of chickpea production and trade 
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--- Pulse prod uction index 
in the world is documented in the following section. It 
leads to questions in the subsequent section on chick-
pea-specific research prospects, comparative advan-
tage and trade. and policy decisions. Finally the 
implications for future research are drawn. 
Chickpea Production and Trade 
Data on production and trade of chickpea have been 
compiled by Rees (1988). In Table I, the annual 
growth rates of chickpea production in developing and 
developed countries are given for the period from 1981 
to 1986. 
The data show that in India, by far the largest 
1970 1975 1980 1985 1990 chickpea producer in the world, chickpea production 
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b. Asia (excluding China) 
since 1981 has only grown very slowly at less than 6% 
per annum; however, the next three most productive 
countries. each producing between 200 000 to more 
than 600 000 t of chickpea. show remarkable annuaJ 
growth rates. They are Pakistan II %. Myanmar 18%. 
and Turkey 21 %. Twoothercountries where chickpea 
production seems to be expanding rapidly are Uganda 
(32%) and Sudan (8%). All developing countries 
together have an annual growth of chickpea production 
from 1981 to 1986 of about 7%. 
Three out of the six chickpea-producing countries in 
Europe have a declining production. while the other 
three show increasing trends, so that the overa1l 
growth for the developed countries is <5%. 
Table 2 shows the average annual consumption of 
1970 1975 1980 1985 1990 chickpeas countrywise per caput for the period 1981-
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c. Africa 1985. The highest consumption rates of 5 to 6 kg per 
caput are found in the major producing countries India 
and Pakistan: Tunisia, Myanmar, Turkey, Ethiopia, 
Syria, and Malawi follow with 3 to 4 kg per caput. 
In the developed countries chickpea consumption 
per caput is comparatively low; it amounts to around 
I to 2 kg in Spain, Portugal, and Greece, and to less 
than I kg in the others. 
The distribution of world chickpea production and 
consumption. as shown in Tables I and 2. indicates 
that countries primarily produce to satisfy their own 
needs. Accordingly, international trade in chickpeas 
exported (Table 3) and imported (Table 4) is limited: 
world trade comprises only about 2 to 4% of world 
J970 1975 J980 1985 1990 production. Turkey. Mexico, and Syria are major 
exporters; Spain and Algeria are major importers; and 
over recent years India has increasingly been import-
ing chickpeas (30 000 tin 1986). 
Year 
Filure 1. Indices of cereal and pulse production 
a. World (excludinl People's Republic of China), 
b. Asia (excludlnl China), and c. Africa (Base year 
1970 = 100). 
The general picture of production. consumption, 
and trade as reflected in the available FAO data up to 
1986 shows thal some countries such as Turkey and 
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Table I. World production 01 chickpea 1981-86 ('9OG t). 
Annual rate 
1981 1982 1983 1984 1985 1986 Average of growth % 
Developing countries 
India 4328.0 4642.1 5289.9 4750.0 4561.4 5683.1 4875.8 5.6 
Pakistan 336.9 293.7 491.0 527.3 523.7 577.6 458.4 11.4 
Turkey 235.0 280.0 290.0 335.0 400.0 600.0 356.7 20.6 
Mexico 145.3 160.5 169.0 172.7 170.0 180.0 166.3 4.4 
Myanmar 102.3 155.6 125.7 173.3 137.6 234.0 154.8 18.0 
Ethiopia 118.3 101.5 118.5 108.5 135.0 135.0 119.5 2.7 
Iran 61.0 60.0 60.0 50.0 53.0 55.0 56.5 -2.0 
Syrian Arab Republic 63.8 37.0 74.8 35.8 50.4 53.2 52.5 -3.6 
Bangladesh 37.6 36.8 40.9 41.4 38.2 38.2 38.8 0.3 
Morocco 6.0 50.9 55.9 28.7 45.4 45.0 38.6 49.6 
Tunisia 32.0 33.0 37.0 22.0 30.0 35.0 31.5 1.8 
Nepal 22.0 23.0 22.0 20.0 19.0 18.0 20.7 -3.9 
Malawi 18.0 19.0 20.0 21.0 22.0 21.7 20.3 3.8 
Egypt 12.8 16.2 10.1 11.4 16.5 17.0 14.0 5.9 
Algeria 16.8 9.3 9.9 12.6 16.0 18.0 13.8 1.4 
Iraq 12.0 11.6 12.5 9.4 12.0 12.5 11.7 0.8 
Colombia 11.0 11.0 11.0 11.0 11.0 11.0 11.0 0.0 
Tanzania 7.5 8.0 8.0 9.0 9.0 10.0 8.6 5.9 
Chile 6.4 4.1 3.2 6.9 9.2 8.9 6.5 6.7 
Uganda 2.0 3.0 4.0 4.0 8.0 8.0 4.8 32.0 
Argentina 3.9 1.3 1.7 3.8 3.0 3.0 2.8 -5.1 
Peru 2.1 2.2 2.2 2.3 2.4 2.4 2.3 2.7 
Lebanon 2.5 2.6 2.0 1.6 1.2 1.4 1.9 -10.9 
Jordan 1.5 1.5 1.5 0.6 1.6 1.6 1.4 1.5 
Sudan 1.0 0.7 0.8 0.6 l.l 1.5 0.9 8.4 
Cyprus 0.6 0.5 0.5 0.5 0.5 0.5 0.5 -1.3 
Libya 0.3 0.3 0.3 0.3 0.4 0.4 0.3 3.0 
Dominican Rep. 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.0 
Bolivia 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.8 
Palestine (Gua Strip) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 
Total developing 5587.2 5966.0 6862.9 6360.4 6278.2 7772.7 6471.2 6.8 
Developed countries 
Spain 33.2 47.1 49.4 61.9 57.0 57.0 50.9 11.4 
Italy 15.6 14.5 13.4 14.2 12.7 11.1 13.6 -6.6 
Portugal 7.6 9.7 8.2 14.0 13.4 12.0 10.8 9.5 
Greece 12.7 10.5 8.0 6.0 6.0 7.0 8.4 -11.2 
Israel 3.0 2.4 3.6 2.3 3.5 2.4 2.9 -4.4 
Yugoslavia 1.3 2.0 1.9 1.9 2.1 2.7 2.0 15.7 
Total developed 73.4 86.1 84.6 100.3 94.7 92.2 88.6 4.7 
World total 5660.6 6052.1 6947.4 6460.7 6372.9 7864.9 6559.8 6.8 
Source: FAO Production and Trade Yearboolca, 1983-86 (taken from Rces 1988). 
probably Mexico are expanding production and 
exports of chickpeas while others are compensating 
a decreasing or stagnant production by increasing 
imports (e.g., Greece and India). These may be the first 
signs of a reallocation of chickpea production to 
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areas of comparative advantage. 
Another chickpea producing and exporting country 
not listed as yet in the FAO data is Australia. Table 
5 shows how the development of chickpea production 
began in 1983 with 4 ()()() t and that it has reached 
Table 2. World conlumption of chickpea 1981-85. 
Total consumption {'OOO t)1 Average 
consumption 
1981 1982 1983 1984 1985 Average (kg caput-I) 
Developing countries 
India 4330.3 4643.4 5302.2 4764.5 4586.5 4725.4 6.51 
Pakistan 338.2 303.3 497.0 531.6 528.0 439.6 4.89 
Turkey 62.9 123.7 126.2 175.7 288.4 155.4 3.22 
Myanmar /02.3 155.6 125.7 173.3 137.6 138.9 3.73 
Ethiopia 1I8.1 101.3 1I7.6 108.3 134.3 115.9 3.41 
Mexico 80.8 126.4 96.4 127.5 125.8 111.4 1.48 
Iran 61.0 60.0 70.1 58.0 60.0 61.8 1.48 
Algeria 46.8 31.4 50.6 53.9 56.0 47.8 2.32 
Bangladesh 37.6 36.8 40.9 41.4 38.2 38.9 0.41 
Morocco -4.2 50.8 55.0 28.7 45.4 35.1 1.57 
Tunisia 30.1 32.6 37.0 22.0 375 31.8 4.60 
Syrian Arab Republic 62.2 -1.9 55.3 -5.6 40.4 30.1 3.13 
Iraq 22.0 23.6 24.5 34.4 25.0 25.9 1.77 
Nepal 22.0 23.0 22.0 20.0 19.0 21.2 l.35 
Malawi 18.0 19.0 20.0 21.0 22.0 20.0 3.09 
Colombia 14.4 15.0 15.4 13.0 13.0 14.2 0.51 
Total developing 5417.3 5818.4 6727.6 6243.9 6237.0 6088.9 
Developed countries 
Spain 76.0 90.1 81.0 84.9 80.0 82.4 2.16 
Italy 15.6 14.5 13.4 14.2 12.7 14.1 0.25 
Portugal 7.9 13.2 12.3 14.4 125 12.1 1.20 
USA 13.0 9.2 13.8 12.1 9.6 1l.5 0.05 
Greece 12.6 11.7 9.3 7.8 10.0 10.3 1.05 
Israel 3.0 2.4 3.6 2.3 3.5 3.0 0.72 
Total developed 129.4 143.2 135.4 137.7 130.5 135.3 
World total 5546.7 5961.6 6863. J 6381.7 6367.5 6224.1 
I. Consumption = Production + imports - exports. therefore some negative entries appear in the table for some exporting countries. 
Source: FAO Production and Trade Yearbooks. 1983-85 (taken from Rees 1988). 
83 000 t in 1989/90. nearly all of which is exported. 
• Australia is well placed to become the only developed 
country to be a consistent supplier of relatively low 
priced desi chickpeas' (Rees 1988). 
Thus. with unrestricted international trade allowing 
for free exchange. chickpeas are finding new locations 
for production and export. In contrast to the limited 
international trade in chickpeas, movements within 
India are substantial owing to the widely distributed 
demand for chickpea there (von Oppen and Rao 1987). 
For India it has also been shown that chickpea produc-
tion is becoming increasingly concentrated in the 
rain fed areas of Madhya Pradesh and Rajasthan (von 
Oppen 1982). Similarly. Italy is concentrating produc-
tion in the southern regions; this is leading to an 
increase in overall yield despite an overall decrease in 
production (Orsi and Casini 1985). 
However, an unrestricted trade is not always as-
sured. India decided in 1987 to impose a 25% ad 
valorem tax on all grain legume imports and it is not 
known how long this tax will remain in force (Connell 
1987). The tax has since been raised to 35% in October 
1988 and then reduced to 10% in November 1989. This 
causes a disincentive for Australian production and 
export of desi chickpeas. On the other hand, if this tax 
remains in force for several years then the higher 
demand will provide incentives for increasing produc-
tion in India (Table 6). 
Implications for Research 
To summarize, there is an overall trend of growing 
production and national and international trade in 
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Table 3. World eEportl of ddckpea 1981-85 <_ t). 
Average 
1981 1982 1983 1984 1985 1981-85 
Developing countries 
Turkey 172.1 156.3 163.8 159.3 111.6 152.6 
Mexico 64.5 34.1 72.6 45.2 44.2 52.1 
Syrian Arab Republic 1.6 38.9 19.5 41.4 10.0 22.3 
Singapore 1.5 1.4 5.4 2.3 0.9 2.3 
Morocco 10.2 0.1 0.8 0.0 0.0 2.2 
Chile 3.8 1.4 0.8 0.7 4.0 2.1 
India 1.0 0.6 1.0 1.5 1.5 l.l 
Cyprus 0.1 0.0 0.0 5.0 0.0 1.0 
Tunisia 1.9 0.4 0.0 0.0 0.0 0.5 
Ethiopia 0.2 0.2 0.9 0.2 0.7 0.4 
Argentina 0.0 0.6 0.0 0.0 0.0 0.1 
Jordan 0.1 0.1 0.1 0.4 0.1 0.1 
Malaysia 0.0 0.2 0.1 0.1 0.0 0.1 
Pakistan 0.1 0.0 0.0 0.0 0.3 0.1 
Saudi Arabia O~O 0.0 0.0 0.1 0.0 0.0 
Peru 0.0 0.0 0.1 0.0 0.0 0.0 
K.uwait 0.0 0.1 0.0 0.0 0.0 0.0 
Philippines 0.0 0.0 0.0 0.0 0.0 0.0 
Total developing 257.2 234.4 265.1 256.2 173.2 237.2 
Developed countries 
Greece 1.4 0.6 1.2 0.2 0.1 0.7 
Spain 0.4 0.7 1.4 0.0 0.0 0.5 
Portugal 0.2 0.1 0.1 0.5 0.9 0.4 
Total developed 2.0 1.4 2.7 0.8 1.0 1.6 
World total 259.2 235.8 267.8 257.0 174.2 238.8 
I. NA = not available. 
Source: FAO Production and Trade Yearbooks. 1983-86 (taken from Rees 1988). 
grain legumes. In comparison. world production of 
chickpeas is still only increasing slowly. However, 
there are indications of the beginning of a reallocation 
of the production of this crop to areas of comparative 
advantage. and of an increase in trade. 
Research on chickpea improvement requires veri-
fication and quantification of these trends and an explo-
ration of where ex.actly the development will lead. If 
chickpeas behave as other pulses and break out of their 
fonner primarily self-sufficiency oriented production 
and consumption patterns and enter international 
trade. then overall production may rapidly increase. 
However. the new locations of production and con-
sumption will have to be identified, technologies and 
farming systems developed. suitable seed material 
provided. etc. Also the welfare effects of these 
changes on consumers and producers will need to be 
assessed. Several research problems need to be ad-
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dressed. These areas are described below by 
postulating a hypothesis and proposing an approach 
for its verification. 
Chickpea Breeders' Supply Projections 
Hypothesis: Chickpea breeders can assess the poten-
tial for chickpea production in the major 
future producing areas. 
To test this hypothesis an opinion survey should be 
carried out among the breeders as a group to identify: 
• the future producing areas in India: 
• other countries offering promising prospects: 
• ex.pected yields in those countries and regions at 
different levels in 
• farmers' fields, demonstration plots and research 
stations. 
Table 4. World imports of chickpea 1981-86 ('000 t). 
Average 
1981 1982 1983 1984 1985 1986 1981-85 
Developing countries 
Algeria 30.0 22.2 40.8 41.3 40.0 28.0 34.8 
Iraq 10.0 12.0 12.0 25.0 13.0 15.0 14.4 
India 3.3 1.9 13.3 16.0 26.6 30.0 12.2 
Lebanon 11.0 11.0 11.0 10.0 9.0 10.4 
Jordan 6.6 7.0 9.8 8.4 10.1 10.0 8.4 
Saudi Arabia 4.7 6.1 7.0 7.4 7.0 8.2 6.4 
Pakistan 1.4 9.6 6.0 4.3 4.5 7.0 5.2 
Iran 0.0 0.0 10.1 8.0 7.0 5.0 
Colombia 3.4 4.0 4.4 2.0 2.0 2.0 3.2 
Malaysia 3.0 2.5 2.6 2.9 3.0 2.8 
Singapore 2.2 2.4 4.3 2.1 1.1 3.0 2.4 
Venezuela 2.2 2.0 2.3 4.4 0.0 1.1 2.2 
Tunisia 0.0 0.0 0.0 0.0 7.5 NA' 1.5 
Libya 4.9 1.4 0.0 0.0 0.0 NA 1.3 
Cyprus 0.0 0.3 0.3 5.4 0.3 0.2 1.2 
Brazil 2.5 1.3 2.4 0.0 0.0 NA 1.2 
Kuwait 1.0 2.5 2.4 0.0 0.0 2.2 1.2 
Philippines 0.6 0.4 0.5 0.4 0.2 0.3 0.4 
Panama 0.3 0.2 0.2 0.2 0.2 NA 0.2 
Qatar 0.0 0.0 0.0 0.5 0.6 NA 0.2 
Uruguay 0.2 0.2 0.2 0.3 0.1 0.2 0.2 
Bahrain 0.0 0.0 0.0 1.0 0.0 NA 0.2 
Dominican Rep. 0.0 0.0 0.2 0.0 0.0 NA 0.0 
Brunei 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Egypt 0.0 0.0 0.0 0.0 0.0 NA 0.0 
Total developing 87.3 86.8 129.9 139.8 132.0 NA 115.2 
Developed countries 
Spain 43.2 43.7 33.0 23.0 23.0 40.0 33.2 
USA 13.0 9.2 13.8 12.1 9.6 11.6 11.5 
Greece 1.4 1.9 2.5 2.1 4.1 8.3 2.4 
Portugal 0.5 3.6 4.2 0.9 0.0 3.9 1.8 
Malta 0.0 0.0 0.0 0.1 0.1 0.1 0.0 
Bulgaria 0.0 0.0 0.0 0.0 0.0 NA 0.0 
Total developed 58.0 58.5 53.5 38.1 36.8 NA 49.0 
World total 145.3 145.3 183.4 177.9 168.8 173.1 164.2 
I. N A = not available. 
Source: FAO Production and Trade Yearbooks. 1983-86 (taken from Recll 198&). 
Regional Comparative Advantages for Chickpea 
Production 
Hypothesis: Areas of comparative advantage for 
chickpea production can be identified 
on the basis of agroclimatic data in 
combination with yield trials and field 
research on costs of production. 
Apart from the traditional producing areas. there are 
regions with a potential for expanding chickpea 
production in other parts of the semi-arid tropics and 
subtropics. where chickpeas are not grown at present 
to a large extent. e.g.. Ethiopia. Uganda. Sudan, 
Malawi. etc.. but current developments indicate the 
possibility of a comparative advantage. A projection 
of future demand and prices required in all of these 
regions should be attempted. 
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Table S. ProduetioD of pal ('MO t) In AIIItraBa. 
Year Field peal Chickpeas Cowpeas Total 
1980/81 
1981/82 
1982/83 
1983/84 
1984/85 
1985/86 
1986/87 
1987/88 
1988/89 
1989/90 
29.S 
133.4 
164.1 
240.7 
518.0 
485.0 
533.0 
530.5 
0.0 
3.6 
5.9 
36.4 
63.0 
42.3 
63.8 
83.1 
3.6 33.1 
3.8 140.8 
3.1 173.1 
3.4 280.5 
9.0 590.0 
4.0 531.3 
3.5 600.3 
3.7 617.3 
Source: Australian Bureau of AgricuJturaJ and Resource Ec0-
nomics, mainly: Commodity and Statistical Bulletins, 
1986, 1987, 1988. 
Chickpea Demand Projections 
Hypothesis: Demand for chickpeas increases in in-
dustrialized as well as in developing 
countries. 
High income and price elasticities of demand for 
pulses are found among low-income groups in devel-
oping countries (Table 6). Consequently economic 
growth and population increases cause a rapid growth 
in demand in certain developing countries. In industri-
alized countries consumption of chickpeas is intro-
duced by immigrants belonging to, and travellers 
coming from, chickpea-eating societies; moreover, 
the number of vegetarian consumers is increasing in 
industrialized countries and, for these, chickpeas pro-
vide an attractive option. A projection of quantities 
demanded and prices paid in developing and 
industrialized countries is necessary. 
Trade Patterns of World Trade in Chickpeas 
Hypothesis: Assuming that chickpeas are produced 
in areas of comparative advantage as 
projected and that supplies of 
chickpeas increase in line with pro-
jected demand, then new trade patterns 
will emerge. 
The existing and projected trade flows could be 
derived from information created under the previous 
two hypotheses. An interregional trade model could be 
applied to quantify trade flows and price levels which 
will emerge. Price/quality relationships will need to be 
taken into consideration in such an analysis, as well as 
the utilization of chickpeas as an industrially processed 
food product. 
Conclusion 
Unlike pulses as a whole,chickpeas are yet to respond 
to changes in the world market. However, there are 
reasons to believe that such a response can be 
hypothesized. If the hypotheses are found to be 
acceptable, then international chickpea research in the 
1990s may need to be reviewed; it will be necessary to: 
( 1 ) redefine mandate areas and priorities; (2) identify 
target populations and the roles of producers and 
consumers; and (3) determine strategies for attaining 
satisfactory progress in regional and overall 
chickpea production. 
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Present Status and Prospects for Utilization of Chickpea 
R. Jambunathan and Umaid Singhl 
Abstract 
Although desi and kabuli types of chickpea are used in a variety of ways around the world for 
different end products, detailed information on their similarities and differences is lacking. 
Additional knowledge on physical, chemical, and functional properties of desi and kabuli types 
will provide valuable clues about their end-use quality. This will also lead to better evaluation 
of newly developed chickpea cultivars and could provide avenues for better utilization. The 
influence of adverse growing, harvesting, or storage conditions on end-product quality also 
needs to be monitored. The present status of knowledge in these areas and future research needs 
are discussed. 
Resume 
Billln Ilduel et previsions d'utilislltion du pois chiche: Bien que les types 'desi' et 'kabuli'de 
pois chiche sont utilises de plusieurs manieres dans Ie monde pour fournir des produits finis 
differents, nous ne disposons guere de renseignements d6tailles sur leurs similantes et leurs 
differences. Des connaissances additionnelles sur les proprietes physiques, chimiques et 
fonctionnelles de ces types desi et kabuli fourniront des donnees utiles sur la qua/ite de leur 
usage final. Elles permettront ega/ement une meilleure eva/uation de nouveaux cultivars de 
pois chiche et pourraient ainsi fournir des indices sur I 'amelioration de I 'utilisation. L'inf]u-
ence de conditions defavorables de culture, de recolte ou de stockage sur la qualite du produit 
fini meriterait aussi d'etre suivie. Le bilan actuel des connaissances dans res domaines et les 
besoins a venir en matiere de recherche sont examines. 
Amongst grain legumes, chickpea is unique because of 
the variety of food products that are prepared from it in 
different parts of the world. Chickpea fonns an impor-
tant dietary component in those countries in which it is 
a major crop. Although most of the world's chickpea 
production and consumption is in India (>70%), the 
crop is also important in other countries of Asia, Africa, 
Europe. and the Americas (lCRISA T 1986). 
There are two main types of chickpea: desi. which 
constitutes about 85% of the total production. and 
kabuli which accounts for the remaining 15% of grain 
produced. Some of the differences between these two 
types of chickpea have been documented (Jambu-
nathan and Singh 1980; Singh et aJ. 1982). The nutri-
tional quality. biochemistry. and technology of chick-
pea have been thoroughly investigated (Singh 1985; 
Williams and Singh 1987; Chavan el al. 1988). Chick-
pea is a good source of carbohydrates. protein. miner-
als. and trace elements. and its protein quality is similar 
to, or better than other legumes. such as pigeonpea. 
I. Principal Biochemist and Biochemist. Biochemistry Unit. International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), 
Patancheru. Andhra Pradesh 502 324. India. 
ICRISA T Conference Paper no. CP 554. 
Citation: ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Chick.pea in the Nineties: proceedings of the 
Second International Workshop on Chickpea Improvement. 4-8 Dec 1989. ICRISAT Center. India. Patancheru. A.P . .502 324, India: 
ICRISAT. 
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black gram, and green gram (Williams and Singh 
1987). In this paper, the present status and prospects for 
utilization of chickpea are discussed. 
Consumption of Whole Seed and Dhal 
Chickpea is mostly consumed in the fonn of whole 
seed. dhal (deconicated split cotyledons) or as dhal 
flour (besan). From a questionnaire on chickpea utili-
zation sent to 386 scientists in 47 countries in 1986. we 
received responses from 102 scientists from 23 coun-
tries on the mode of consumption of chickpea (Table 1), 
The infonnation provided in Table 1 may be considered 
as intelligent guesses by chickpea scientists around the 
world. In India, about 75% of chickpea is consumed in 
the fonn of dhal or besan. and the remaining 25% as 
whole seed. This finding appears to be similar to that 
in other Asian countries. except in Afghanistan and 
Nepal. where besan preparations are not common. Most 
of the chickpea consumed in other countries including 
Australia. Ethiopia. Mexico, Sudan. Tanzania. Turkey, 
UK. and USA is in the fonn of whole seed 
Methods of Utilization 
Several traditional processing practices are still used to 
conven chickpea into a consumable fonn. These 
processes include soaking, sprouting, fennenting, boil-
ing, steaming. roasting, parching, and frying. Some 
imponant food products based on these methods of 
preparation are listed in Table 2. Among the common 
pulses in India, chickpea is prepared as food in a very 
wide variety of ways. 
Developing green (immature) chickpeas harvested 
10-15 days before maturity are consumed as snacks or 
vegetables with the major meal of the day. Sometimes, 
Table 1. Relative proportion (%) of chickpea conlump-
tlon In tbe world', 
Asia 
(excluding Other 
Component India India) countries 
Whole seed 25 23 88 
DbaJ (decorticated) 33 58 6 
Besan (dbaJ flour) 42 19 6 
I. Bued on the rcspolllClI received to a questionnaire. Number 
of respondentl, India 76. Alia 8, and other countries 18. 
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green seeds are boiled and fried with potatoes; other-
wise they are roasted in the pod, shelled, and then 
consumed. Green chickpeas have less starch and 
protein, and more sugars than mature chickpeas and 
they are easily digested, even when eaten raw (Push-
pamma and Geervani 1987). 
Soaking and boiling whole seed before frying is a 
common practice. The seed is usually soaked to reduce 
the cooking time. Soaked seeds become soft after 
boiling for 20-25 min, whereas dry seeds take much 
longer. After boiling, excess water is discarded. and the 
boi led seeds are fried after the addition of spices, when 
the dishes are prepared according to local food habits. 
Genninated chickpea is also processed and consumed 
in different ways. 
Roasted dhal and puffed whole seeds are also com-
monly used. For puffing, the seed is sprinkled with 
fresh or sah water, allowed to remain in a wet condition 
for 5-10 min and then roasted with hot sand at 240"-
250"C for 1-2 min. The husk is thus loosened and 
removed by winnowing. The puffed chickpea seeds are 
eaten in this fonn. Roasteddhal is popularon the Indian 
subcontinent. Chickpea flour made out of whole seed 
or dhal is mixed with wheat flour in the ratio of 3:7 for 
making roti i.e., unleavened bread. Other uses of 
chickpea flour include dhokla, a fennented breakfast 
food, and several extruded and fried products. 
Most of the chickpea produced in the Mediterranean 
region is consumed in the fonn of homos-biteheneh. 
falafel, and tisqieh (soaked and boiled seeds are used in 
these preparations). Roasted and sugar-coated chick-
peas are also commonly eaten in this region. Lablehi 
which is prepared by boiling kabuli chickpea in water 
with salt and pepper is a common food in Tunisia and 
Turkey. 
Cooking Quality of Whole Seed and Dhal 
The cooking quality of whole seed and dhal of chickpea 
is imponant in gaining consumer acceptance. Re-
cently, we determined the cooking quality of whole 
seed and dhal samples of 125 genotypes having a large 
variation in lOO-seed mass (range 10.4-36.7 g). The 
cooking time of whole seed of these genotypes varied 
from 52 (098 min and for dhal from 26 to 46 min. This 
shows that decortication i.e., removal of the seed coat 
from whole seed reduces the cooking time considera-
bly. Desi types are nonnally deconicated before con-
sumption whereas kabuli are eaten in the fonn of whole 
seed. There was a positive and significant correlation 
(P<O.O I) between cooking time of whole seed and 100-
seed mass (Table 3). Protein content was positively and 
Table 2. Some important food prepantions of chickpea around the world. 
Food l Component Method (in brief) Country 
Dhal Decorticated dry Boiled in water to a Bangladesh, India, 
split cotyledons soft consistency and Nepal, and Pakistan 
fried with spices and 
consumed with cereals 
Chholc Whole seed Prepared and consu- Afghanistan, Bangladesh 
med similar to above India, Iran, and Pakistan 
Pakoda Besan (dhal flour) Batter is fried in Egypt, India, Iran, 
oil and consumed as Pakistan, and Sudan 
a snack 
Kadi Besan Besan is boiled with Indian subcontinent 
butter milk and used 
as curry 
Unleavened bread Whole seed / Besan Chickpea flour is Ethiopia, India, 
mixed with wheat Pakistan, and Syria 
flour and roti is prepared. 
Kiyit injera Whole seed Fermented Ethiopia 
Roasted Whole seed at Grains-heated Afghanistan, Ethiopia, 
245-250°C for 2 min. India, Iraq, Iran, and Nepal 
H omos-bitehench Whole seed Soaked, boiled and Egypt, Jordon, Lebanon, 
mixed with other Syria, Tunisia, and Turkey 
ingredients. 
Tempeh Decorticated split seed Fermented product. Canada. and USA 
LabJebi Whole seed Boiled in water with Jordon, Tunisia, and 
salt and pepper Turkey 
Dhokla Besan Fermented with green India 
gram flour 
Salad Whole seed Boiled in water and Australia, Canada, 
served with other Mexico, Spain, and 
vegetables. USA 
Green immature Whole green seed Raw, salted or Ethiopia, India, Iran, 
seeds roasted and consumed Nepal, Pakistan, and Sudan 
I. Local names are given where applicable. 
significantly correlated with the cooking time of whole 
seed and dhal (Table 3). Interestingly. there was a 
positive and significant correlation (P<O.O I) between 
the cooking time of dhal and whole seed. 
so that most of the differences between cultivars are 
reduced or eliminated (Williams and Singh 1987). 
Cooking time is a heritable characteristic that differs 
widely among genotypes. Williams and Singh (1987) 
reported a range of 50 to 237 min for the cooking time 
of kabuli types and suggested that genotypes with 
shorter cooking time be selected in the breeding pro-
gram. However. it should also be kept in mind that 
cooking time of whole seed is significantly reduced by 
simple household practices such as soaking overnight, 
Organoleptic Properties and Consumer 
Acceptance 
The important criteria for acceptance of chickpea foods 
by consumers are appearance (color), taste, texture 
(mouth feel) and flavor. These terms are collectively 
referred to as general acceptability. The nutritive value 
of chickpea in addition to the general acceptability and 
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Table 3. Correlation .... trix for l8O-seed ...... , protein content, and cookinl quality of 125 cblckpea lenotypes, 
ICRISAT Center, 1917/881• 
Whole seed Dha} 
lOO-seed Seed Cooking Water Cooking 
mass coat Protein time absorption Protein time 
(g) (%) (%) (min) (g g-I) (%) (min) 
Whole seed 
Seed coat (%) ~.64 
Protein (%) 0.26 ~.2S 
Cooking time 
(min) 0.71 0.54 0.36 
Water absorp-
tion (g g-I) ~.6S ~.51 ~.37 ~.93 
Dha} 
Protein (%) 0.01 ~.03 0.S3 0.19 ~.20 
Cooking time 
(min) 0.59 ~.26 0.33 0.53 ~.52 0.53 
Water absorp-
tion (g g-I) ~.57 0.25 ~.30 ~.52 0.55 ~.05 ~.9S 
I. For 123 degrees offreedom, the correlation values at 5% level of significance are %0.17 and those at I % level of significance are :1:0.23. 
eating quality should also be considered while develop-
ing new genotypes. They must also meet stipulated 
industrial and commercial requirements for processing 
into acceptable foods. A new cultivar must satisfy 
these requirements for better utilization by consumers. 
Growing seasons play an important role in influencing 
the quality and consumer acceptance of chickpea. 
Cooking quality and organoleptic properties of whole 
seed of some kabuli cultivars grown in different sea-
sons at one location showed considerable differences 
(Table 4). L 550 and ICCC 33 when grown in 1985/86 
produced lower scores for color, texture, flavor, and 
Table 4. Cookinl quaUty and orlanoleptlc properties ofwbole.eed ofkabuU cblckpea cultivan pOWD in 1984/85 and 
1915/86 IftIODi at Hllarl. 
Cooking quality Organoleptic properties2 
Cooking Water General 
IOO-seed time absorption accept-
Cu1tivar mass (g) (min) (ratio) Color Texture Flavor Taste ability 
L 144 2S.9 SO 1.07 3.9 3.1 3.6 3.S 3.9 
(24.9) (7S) (1.20) (3.6) (3.0) (3.2) (3.2) (3.3) 
ICC 25 (17.1) (64) (1.02) (3.3) (3.0) (3.4) (3.0) (3.2) 
L 550 IS.2 74 1.04 3.7 3.1 3.4 3.1 3.4 
(IS.5) (72) (1.04) (2.5) (1.8) (2.1) (2.3) (1.7) 
ICCC 32 16.2 66 1.07 2.7 3.1 2.9 2.9 2.7 
(17.9) (66) (1.12) (2.2) (2.2) (2.1) (2.1) (2.2) 
ICCC 33 16.4 62 1.15 3.0 3.1 2.8 2.7 3.0 
(16.8) (64) (1.15) (1.6) (1.8) (1.7) (1.5) (1.7) 
ICCC 34 18.4 60 1.20 3.7 3.4 3.6 3.5 3.S 
(20.9) (66) (1.15) (3.0) (2.8) (3.2) (3.4) (3.5) 
SE %0.21 ±1.12 %0.03 %0.16 %0.20 %0.21 to.16 %0.24 
(0.18) (0.75) (0.02) (0.14) (0.18) (0.22) (0.21) (0.17) 
I. Fiprea in parent.belel show tbe data obtained in 1985/86. 
2. Ratina acale: Excellent, 4; Sood, 3; fair, 2; poor, I, bued on evaluation of 10 panelist.. 
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taste than when grown in 1984/85. Differences were 
also observed in the cooking quality parameters of 
these cultivars due to seasonal effects. This suggests 
that both growing season and cultivar influence the 
acceptability and eating quality of chickpea and that 
these should be carefully monitored. 
Processing and Nutritive Value or Chick-
pea-based Products 
The effect of the processing method on the nutritive 
value of chickpea products has been investigated. 
During the course of processing, chickpea receives 
either one or a combination of the three major treat-
ments i.e., germination, fermentation. and heat-treat-
ment. Heat-treatment generally includes. steaming, 
boiling, roasting, or frying. When cooked after soaking 
for 20 h and sprouting for 24 h, the protein efficiency 
ratio (PER) of chickpea increased significantly over 
that of nontreated seeds (Deep et al. 1978). Germina-
tion had no advantage over moist heat treatment in 
improving the biological value of the protein. but the 
PER of chickpea germinated for up to 48 h was higher 
than that of the non-germinated control (Venkataraman 
et al. 1976). Germination of chickpea did not alter the 
concentration of amino acids (Finney et al. 1982) but it 
improved the carbohydrate digestibility (Jaya and Ven-
kataraman 1981). Tempeh anddhok/a. both fermented 
products had better protein quality than the 
nonfermented control (Williams and Singh 1987). 
Fermentation also increased the levels of the vitamins, 
thiamine and riboflavin and improved the concentra-
tion oflimiting amino acids (Williams and Singh 1987). 
Although the protein quality of chickpea depends on 
the method of cooking, moist heat treatment is better 
than dry heat treatment (Geervani and Theophilus 
1980). 
Conclusions 
There is little available information with supportive 
evidence on the consumption pattern of whole seed, 
dha/ and besan of chickpea. It would be desirable to 
document the various forms of foods that are prepared 
from desi and kabuli chickpea around the world along 
with detailed recipes and photographs. It may then be 
possible to classify these products into a few major 
groups for conducting further research. The effect of 
environment on chickpea quality factors and cons um-
ers acceptance has to be evaluated before releasing any 
advanced genotypes for cultivation. 
Future Research Needs 
A Consultants' Meeting on Uses of Grain Legumes was 
held at ICRISAT Center in March 1989. Scientists 
from several countries involved in chickpea production 
and utilization participated in this meeting and made 
recommendations for future research. Important rec-
ommendations were: 
I. Develop and standardize reliable evaluation 
methods. 
2. Carry out research to understand the inherent 
properties of desi and kabuli chickpea. Use the 
knowledge gained to improve the quality of 
traditional chickpea foods and explore alterna-
tive avenues for utilization at consumers level 
and industrial manufacture of human foods and 
animal feeds. 
3. Develop new genotypes with·improved dehul-
ling properties. 
4. Investigate the effects of storage on various 
quality parameters and take appropriate follow-
up action. 
5. Establish a network of scientists to bener under-
stand consumer needs in different parts of the 
world and to identify areas for collaborative 
research and training needs. 
References 
Chavan,J.K., Kadam, S.S., and Salunkhe, D.K. 1988. 
Biochemistry, and technology of chickpea (C;cer 
arietinum L.) seeds. CRC Critical Reviews in Food 
Science and Nutrition 25:107-158. 
Deep, D., Bajaj, S., and Bhat, C.M. 1978. The effects 
of soaking, sprouting, and cooking on the protein 
quality of two pUlses. Journal of Research, Punjab 
Agricultural University 15:375-378. 
Finney, P.L., Beguin, D., and Hubbard, J.D. J982. 
Effects of germination on bread-making properties of 
mung bean (Phaseo/us aureus) and garbanzo bean 
(Cker arietinum L.). Cereal Chemistry 59:520-524. 
Geervani, Po, and Theophilus, F 0 1980. Effect of home 
processing on nutrient composition of certain high 
yielding legume varieties. Indian Journal of Nutrition 
and Dieretics 17:443-446. 
45 
ICRISA T (International Crops Research Institute for 
the Semi-Arid Tropics). 1986. Pages 141 in Annual 
report 1985. Patancheru. A.P. 502 324. India: ICRI-
SAT. 
Jambunathan, R., and Singh, U. 1980. Studies on desi 
and kabuli chickpea (Cicer arietinum L.) cultivars. I. 
Chemical composition. Pages 61-66 in Proceedings of 
the International Workshop on Chickpea Improve-
ment, 28 Feb - 2 Mar 1979. ICRISAT. Hyderabad. 
India. Patancheru. A.P. 502 324. India: International 
Crops Research Institute for the Semi-Arid Tropics. 
Jaya, T.V., and Venkataraman,L.B. 1981. Influence 
of germination on the carbohydrate digestibility (in 
vitro) of chickpea flour (Cicerarietinum) and green grarn 
(Phaseolus aureus L.). Indian Journa] of Nutrition and 
Dietetics 18:62-68. 
Pushpamma, P., and Geervani, P. 1987. Utilization 
of chickpea. Pages 357-368 in The chickpea (Saxena. 
M.C., and Singh, K.B., eds.). Wallingford, Oxon. UK: 
CAB International. 
Singh, U. 1985. Nutritional quality of chickpea (Cicer 
arietinum L.): current status and future research needs. 
Q1!t8litas Plantarum: Plant Foods for Human Nutrition 
35:339-351. 
Singh, U., Kherdekar, M.S., and Jambunathan, R. 
1982. Studies on desi and kabuli chickpea (Cicer 
arietinum L.) cu1tivars. The levels of amylase inhib-
itors, levels of oligosaccharides and in vitro starch di-
gestibility. Journal of Food Science 47(2):510-512. 
Venkataraman, L. V., Jaya, T.V., and Krishnamur-
thy K.S. 1976. Effect of germination on the biological 
value, digestibility coefficient and net protein utiliza-
tion of some legume proteins. Nutrition Reports Inter-
national 13: 197-205. 
Williams, P.C., and Singh, U. 1987. The chickpea-
nutritional quality !lnd the evaluation of quality in 
breeding programmes. Pages 329-356 in The chickpea 
(Saxena. M.C .• and Singh K.B., eds.). Wallingford. 
Oxon, UK: CAB International. 
46 
Session 1 
Main Items of Presentation and Discussion 
• There is a worldwide trend towards increased 
demand for chickpea both in developing and in 
industrialized countries. 
• To meet this demand in the 1990s, new produc-
tion areas with comparative advantages for chick-
pea production need to be identified and devel-
oped. 
• Factors such as irrigation and changes in sowing 
date can substantially increase chickpea yield, but 
this knowledge has so far found little practical 
application. There is need for further investiga-
tion of these factors, and for their implementa-
tion. 
• As starch is a major component of chickpea seed 
(65%), improvement of starch quality should re-
ceive more attention. 
Recommendations for Economic Research on 
Chickpea 
There are indications that the rapidly increasing de-
mand for chickpea in developing and industrialized 
countries cannot be met solely by chickpea produc-
tion from traditional locations. Therefore, chickpea 
production will move into areas of comparative ad-
vantage. If these assumptions are correct, the fol-
lowing research on the economics of production, de-
mand and trade is urgently required: 
• To detennine the potential supply of chickpeas at 
two levels: in collaboration with mentor institu-
tions, and with national agricultural research sys-
tems (NARSs); by assessing experts' opinions on 
future yields in potential production areas in the 
world; and by detennining production areas based 
on agroclimatic data and crop modeling in com-
bination with yield trials and field research on 
cost of production. 
• To assess future demand for chickpea, by quanti-
fying the demand in developing countries, through 
work on elasticities of demand and on consumer 
preferences for quality characteristics, and by as-
sessing the potential demand in industrialized 
countries through research on emerging trade 
patterns, and by conducting consumer and trader 
opinion surveys. 
• To project trade patterns; by analyzing the exist-
ing world trade of this crop using an interregional 
trade model to generate infonnation on future 
trade flows and price levels of chickpea; and by 
incorporating the expected changes in supply and 
demand into the model so that future production 
and trade patterns can be projected. 
Session 1 
Principaux themes de presentation et de discussion 
• II existe une tendance mondiale a une demande 
accrue pour Ie pois chiche tant dans les pays 
industrialises que dans les pays en devel-
oppement. 
• Pour satisfaire a cette demande dans les annees 
90 il serait necessaire d'identifier et d 'amenager 
de nouvelles regions de production ayant des 
avantages comparatifs pour la production du 
po is chiche. 
• Les facteurs tels I'irrigation ou les changements 
de date de semis peuvent considerablement 
augmenter Ie rendement du pois chiche, mais 
ces connaissances ont trouve peu d 'application 
pratique jusqu'a maintenant. La poursuite de 
l'etude de ces facteurs ainsi que leur mise en 
oeuvre sont donc necessaires. 
• Etant donne que I'amidon est une composante 
majeure de la graine de pois chiche (65%), il faut 
accorder plus d'attention a I'amelioration de la 
qualite de l'amidon. 
Recommandations pour la recherche economique 
sur Ie pois chiche 
Les indices laissent a croire que la demande 
rapidement croissante pour Ie pois chiche dans les 
pays en developpement et dans les pays industria-
lises ne peut pas etre satisfaite uniquement par la 
production du pois chiche dans les regions traditi-
onnelles. La production du pois chiche sera donc 
adoptee dans des regions d 'avantage comparatif. 
Si ces hypotheses s'averent valables,les travaux de 
recherche suivants sur I'economie de la produc-
tion,la demande et Ie commerce seront necessaires 
d'urgence: 
• La determination de I'offre potentielle des pois 
chiches a deux niveaux: en coUaboration avec 
des institutions guides et avec les systemes nati-
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onaux de recherche agricole, i) par I'etude des 
opinions de specialistes sur les rendements fut-
urs dans les zones de production potentielles 
dans Ie monde, ii) par la determination des 
zones de production a Paide de donnees agro-
climatiques et de la modelisation des cultures en 
combinaison avec des essais de rendement et la 
recherche en milieu reel sur Ie cmit de production. 
• L'evaluation de la demande future pour Ie pois 
chiche, i) par la quantification de 1a demande 
dans les pays en developpement, a I'aide des 
travaux sur les elasticites de demande et sur la 
preference des consommateurs pour les caracte-
ristiques de qualite, ii) par I'evaluation de la 
demande potentielle dans les pays industrialises 
a travers la recherche sur les nouvelles orienta-
tions commerciales, et iii) par la realisation des 
enquetes des opinions des commer~ants. 
• La projection des structures des echanges com-
merciaux, i) par l'analyse du commerce global 
actuel de cette culture a I'aide d'un modele de 
commerce interregional pour engendrer des 
informations sur les flux commerciaux et les 
niveaux de prix futurs du pois chiche, ii) par 
I'incorporation, dans Ie modele, des change-
ments escomptes dans la foumiture et la de-
mande afin de pouvoir projeter les structures 
futures de commerce et de production. 
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Genetic Resources 
and Enhancement of GermpJasm 

Chickpea Genetic Resources - Present and Future 
M.H. Mengesba1, L. Holly2, R.P.S. Pundirl, and T.A. Thomas! 
Abstract 
Chickpea, Ciecr arietinum L., is an ancient crop cultivated in over 40 countries. However, the 
important diversity areas are India, Pakistan, Ethiopia, Turkey, and Mexico. The Cicer taxonforms 
a vast gene pool encompassing 42 wild Ciecr s~cies besides the cultivated, Ciecr arietinum L. In 
the early sixties, systematic assembly of chickpea germplasm was started by the Regional Pulse 
Improvement Program (RPIP), India. The work was further pursued by ICRISAT and ICARDA. 
The last two organizations are entrusted respectively, with the global and regional responsibilities 
of the chickpea germplasm. Besides, there is considerable germplasm holding of this species at 
the National Bureau of Plant Genetic Resources (NBPGR, India), Instituto Nacional de 
Investigaciones Agricolas (INIA, Mexico), National Seeds Storage Laboratory (NSSL, Fort 
Collins, USA), United States Department of Agriculture (USDA, Washington D.C., USA), and the 
Vavilov Institute of Plant Industry, USSR. The gene bank at ICRISAT now holds 15 939 chickpea 
accessions representing 42 countries. ICARDA collection consists of 6804 accessions from 34 
countries. About 3/4 of the accessions were assembled from other institutes and the remaining 
are landraces recently collected from priority areas. 
The passport data for the entire collection have been published. The accessions have also 
been evaluated for 25 morphoagronomic traits at ICRISAT and 29 traits at ICARDA and the 
results have been published in catalogs. Regional and multilocational evaluation also has been 
started to identify useful germ plasm lines with wide/specific adaptation. From the ICRISAT 
collection, a total of 172 450 seed samples have been distributed to research workers in 74 
countries. 
In the future, local chickpea material is to be collected from Algeria, Iraq, Libya, Jordan, 
Myanmar, Tanzania, and in parts of India and Ethiopia. Wild Cicer species can be collectedfrom 
Afghanistan, Iran, Turkey, and USSR. With emerging needs for new traits and plant ty~s, the 
germplasm would be further evaluated and screened for new characteristics such as response to 
fertilizer. resistance to lodging, early seedling vigor, low light interception, etc. Future emphasis 
will be given to collaborative research on germplasm enhancement, basic research on the use of 
wild species, and long-term conservation of the germplasm. 
R.ulIJ~ 
Rt!!I6OUI'ct!6 liMtiq- du poi6 dJicbe-.ujourd'buJ et detllllbJ: I.e pois chiche, eiecr arieti-
num L., est une culture ancienne, exploitee actueOement dans plus de quarante pays. Toute-
lois, les regions de diversite importantes sont f'lnde, It: Pakistan, l1ithiopie, la Turquie et Ie 
Mexique. I.e tSJCon eiecr constitute un vute pool ,enique comprenant 42 especes de eiecr 
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2. Gennplum Scientist, International Center for Agricultural Research in the Dry A.reu (ICARDA). P.O. Boll 5466, Aleppo. Syria. 
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Second International Worbhop on Chickpea Improvement. 4-8 Da: 1989, ICRISAT Ccnta', IndiL PatInc::beru, A.P. S02 324, India: 
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sauvage, outre l'espece cultiv6e, Cicer arietinum L. Au debut des annees 6O,le Regional Pulse 
Improvement Program (RPIP) de l'Indeentrepn't de rassembler systematiquement Ie materiel 
genetique de pois chiche. Ce travail a ete poursuivi par I'ICRISAT et I'ICARDA. Ces deux 
dernieres organisations ont respectivement un mandat global et un mandat regional sur Ie 
materiel genetique de pois chiche, En outre, une collection importante de ressources gene-
tiques de cette espece est conservee dans les organismes suivants : au National Bureau of Plant 
Genetic Resources (NBPGR, Inde), A I 'lnstituto Nacional de Investigaciones Agn'colas (INIA, 
Mexique), au National Seeds Storage Laboratory (NSSL, Fort Collins, Etats-Unis), au 
United States Department of Agriculture (USDA, Washington D,C., Etats-Unis) et au 
Vavilov Institute of Plant Industry, URSS. La banque de genes de I'lCRISAT conserve 
aujourd'hui 15939 entrees de pois chiche representant 42 pays. La collection de l'lCARDA 
regroupe 6804 entrees provenant de 34 pays. Environ les trois-quarts de res entrees ont ete 
rassemblees A partir des collections des autres instituts et Ie reste est compose de van'etes 
locales r6cemment collectees dans des zones prioritaires, 
Les donnees d'identification pour I 'ensemble de la collection ont ete publiees, Les entrees 
ont egalement ete evaluees pour 25 caracteres morphoagronomiques A I'lCRISA T et pour 29 
caracteres A I'lCARDA,' les resultats ont ete publies dans des catalogues, L 'evaluation regio-
nale et multilocale a egalement ete entreprise pour identifier des lignees utiles A adaptation 
large/ sp6cifjque. De la collection de I'lCRISA T, un total de 172450 echantillons de semenres 
ont ete distribues A des chercheurs de 74 pays. 
A l'avenir, on envisage la collection du materiel local de pois chiche dans les regions de: 
Algerie, Ird, Libye, Jordanie, Myanmar, Tanzanie et de certaines parties de l'lnde et de 
l'Ethiopie. Des especes spontanees deCicer peuvent etre collectees dans les pays d'Afghanis-
tan, d'lran, de Turquie et dVRSS. Des besoins de nouveaux caracteres et de nouveaux types 
de plantes necessiteraient la poursuite de l'evaluation du materiel genetique ainsi que Ie 
criblage pour de nouvelles caracteristiques comme la reponse aux engrais, la resistance A la 
verse,la vigueur pr6coce des plantules, une faible interception de lumiere, etc. Les travaux 
futurs seront axes essentiellement sur des recherches collaboratives sur l'amelioration du 
materiel genetique, la recherche de base sur I 'utilisation d 'especes sauvages et la conservation A 
long terme du materiel genetique. 
Chickpea (eicer arietinum L.) is an ancient crop whose 
earliest record from the Middle East dates back to 6250 
BC. Subsequently, this crop spread to other countries 
with arid/semi-arid and subtropical environments. 
Chickpea is now cultivated in over 40 countries. Its 
major cultivation and diversity are in Ethiopia, India, 
Iran, Mexico, Myanmar, Pakistan, and Turkey. In 
addition to the cultivated Cker arietinum, 42 wild 
species are known to exist. Natural distribution of these 
wild species is restricted to countries around the Medi-
terranean Sea, Soviet Union, Ethiopia, Sudan, and in 
the Himalayan mountains of India where perennial 
Cicer microphyllum is endemic in cold and arid areas. 
Several centers hold considerable numbers of chickpea 
germplasm lines (Hanson et a1. 1984; Pundir et al. 
1988b). National programs such as the National Bu-
reau of Plant Genetic Resources (NBPGR), India and 
Plant Genetic Resources Center (PGRC), Ethiopia hold 
several germplasm accessions of their area. 
Germplasm Assembly at ICRISA T and 
ICARDA Centers 
After the establishment of ICRISA T in 1972, several 
national centers contributed their germplasm to ICRI-
SAT. Possible duplicates were rejected and finally, in 
1974, a total of 5958 germplasm lines originating from 
31 countries were entered in the chickpea collection 
(lCRISA T 1975). Germplasm assembly by correspon-
dence and exchange continued. New germplasm was 
collected from priority areas (Table). By April) 989, 
a total of 15 939 accessions had been registered in the 
ICRISA T gene bank. With its inception in 1977, 
ICARDA assumed regional responsibility to work on 
kabuli chickpea and hence all the kabuli chickpea 
accessions in ICRISA T gene bank and at other centers 
were shared with ICARDA. New collections in the 
ICARDA region were made (Table ) and this Center 
now holds 6804 accessions from 34 countries. We 
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Table 1. Recent conection expedltionl (or chickpea and wild Cicu lpeele., 1975-1989, conducted by ICRISAT, 
ICARDA, and NBPGR. 
Year 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
Country I State 
Mghanistan (22)1, Pakistan (30), Turkey (25), 
India: West Bengal (115) 
Mghanistan (13), India: Rajasthan (131) 
Mghanistan (13), Turkey (4), India: northern Karnataka 
(84), Gujarat (Ill), Uttar Pradesh (15) 
Pakistan (10), India: Maharashtra, Gujarat and Karnataka 
(40), Gujarat and Rajasthan (21) 
Bangladesh (32), Nepal: central and eastern region (45), 
India: Uttar Pradesh (53), Himachal Pradesh (104) 
Myanmar (4), Nepal: western region (35), 
India: Punjab (146), central Uttar Pradesh (15) 
India (27) 
Ethiopia: Central region (210), India (160) 
India (144) 
Ethiopia: eastern and southern regions (104), Cyprus 
(28), Pakistan (259), India (114) 
Bangladesh (133), India (157), Turkey (109) 
Syria (11), India (366) 
Morocco (122), India (225) 
Syria (92), India (83) 
Algeria (13), India (139) 
1. Figures in parentheses refer to numbers of germplasm accessions collected. 
continue to collect seeds of wild Cicer species from 
various countries. ICRISA T now holds and maintains 
48 accessions of wild annual Cicer species these in-
clude: C. yamashitae (3); C. pinnatifidum (8); C. cho-
rassanicum (3); C.judaicum (16); C. reticulatum (6); 
C. echinospermum (4). C. bijugum (7); and C. cunea-
tum (1). 
A set of these wild Cicer species is also maintained 
at ICARDA. The total number of wild Cicer accessions 
held at ICARDA is 73 (Table 2), including the new 
additions from Syria and Turkey (van Slageren et al. in 
press). 
Characterization and Evaluation 
Chickpea descriptors were developed (IBPGR. IC-
ARDA, and ICRISA T 1985) in order to facilitate 
effective characterization, documentation, and the easy 
exchange of seed and infonnation. The entire set of 
gennplasm accessions at ICARDA was evaluated in 
spring-sown trials for 29 characters, and the results 
have been published in catalog fonn (Singh et aJ. 1983). 
At ICRISAT Center, chickpea evaluation work is car-
ried out in the postrainy season. Data were recorded for 
25 morphoagronomic characters. Data obtained from 
1974 to 1983 were summarized and published in the 
ICRISA T Chickpea Gennplasm Catalog (Pundir et al. 
1988b). The summary of the results showed diverse 
and useful genetic characteristics (Table 3). Results of 
interdisciplinary screening tests of chickpea gennplasm 
are also given in Table 3. 
The analysis of variance by country of origin re-
vealed interesting results. Accessions from Bangla-
desh produced more pods, had higher resistance to 
fusarium wilt (Fusarium oxysporum). and were con-
spicuous with their shorter plant height. Sudanese 
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Table 2. EnlaadOD of Ck«spedes for lOme biotic aDd abiotic ItreIIeII at ICARDA, Tel Hadya, Syria, 1917/11. 
No. of Ascochyta Leaf Cyst Seed No. of pure blight miner nematode beetle Cold 
acces- lines 
Cicer species sions tested R2 S2 R S R S R S R S 
C bijugum 14 24 16 6 0 16 22 1 18 3 23 0 
C chorsssanicum 4 4 0 1 1 0 0 4 0 4 0 4 
C cuneatum 4 2 2 1 1 0 0 2 2 1 0 2 
C echin08permum 7 3 0 2 I 0 0 3 3 0 3 0 
C judaicum 18 46 32 II 40 5 0 46 II 36 19 28 
C pinnBtifidum 13 30 26 4 30 0 0 30 2 28 30 0 
C reticulBtum 10 43 0 12 0 2 0 23 5 15 22 I 
C yamuhitBt: 3 2 0 2 0 0 0 2 0 2 0 2 
Total 73 154 76 39 73 23 22 III 41 89 97 37 
I. Due to abort. of seed not all tbe 154 lines were tested for each stress. 
2. R = Resistant, S = Susceptible. 
accessions offer the best source for early maturity, a 
high number of apical secondary branches, and high 
seed protein content. Accessions from Chile are a 
source of long growth duration, tall plant canopy, and 
great seed mass. Accessions originating in India, pro-
duced the highest average seed yield at ICRISA T 
Center. Accessions from Greece and USSR commonly 
had an erect growth habit whereas germplasm from 
Jordan had, in general, a spreading habit. 
Much variation was observed when 6224 kabuli chick-
pea accessions were evaluated in 1987/88 by ICARDA 
for 25 descriptors in a winter-sown trial at Tel Hadya. 
Syria. Days to flowering ranged from 115 to 155. 
Among the tested germ plasm , 34 accessions were 
classified as very early (lCARDA 1988). The results of 
screening for biotic and abiotic stresses are given in 
Table 3. 
Evaluation of Wild Cicer Species 
Wild species of chickpea possessing resistance to sev-
eral diseases, increased vigor, and the multiseeded 
characteristic have been identified (Malhotra et al. 
1987). Cicer cuneatum and C. judaicum are of special 
significance for introgression work. 
In addition to maintaining wild Cicer accessions as 
population samples at ICARDA, work has started to 
separate distinct genotypes from the bulk. samples to 
obtain well defined lines for further studies and utiliza-
tion in interspecific crosses. A total of 154 pure lines 
were identified. these were separated and described on 
the basis of morphological characters. and esterase and 
protein banding patterns (ICARDA 1988). Evaluation 
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of these lines helped in identifying genotypes resistant 
to ascochyta blight. leafminer, cyst nematode. seed 
beetle, and cold (Table 2). Cicer judaicum and C. 
bijugum possess resistance to four stresses each. while 
the latter has relatively large seeds. 
Regional and Multilocational Evaluation 
In general, crop species perform better near their area 
of origin, and their performance may be unpredictable 
elsewhere. Therefore, there is a need for multiloca-
tional evaluations to identify germplasm lines that can 
perform well at diverse locations. Testing of ICRISAT 
chickpea germplasm material in different locations has 
already been started. In Ethiopia, ICRISAT and the 
Debre Zeit Agricultural Research Center jointly evalu-
ated 1000 chickpea accessions during 1986/87 and 
1987/88. Since 1986. long-duration chickpea has been 
evaluated at Gwalior and New Delhi, in collaboration 
with the National Bureau of Plant Genetic Resources 
(NBPGR). Short-duration accessions are annually 
evaluated at ICRISAT Center and Akola, India. These 
experiments have already provided some useful results 
(Thomas et al. 1988). 
ICARDA, in collaboration with national programs, 
has started to systematically evaluate chickpea lan-
draces in their original habitat. In 1987/88, 122 land-
races collected in Morocco were sown both at Settat, 
Morocco and Tel Hadya, Syria for preliminary screen-
ing. with the main emphasis on comparing their per-
formance with promising breeding lines developed for 
winter sowing (Holly et al. 1988). 
Table 3. Chickpeagermplalm accessions having special 
trait(s)/resistance, baed on evaluations at ICRISAT 
and (CARDA. 
Trait(s) 
ICRISAT 
Short growth duration «39 days) to 
flowering 
Erect growth habit 
Twin pods per leaf axil 
M uItiseed (>2.1 seeds per pod) 
Heavy seed mass (>44 g per 100 seeds) 
Tall accessions plant canopy >65 cm 
Short accessions (plant canopy < 19 cm) 
High seed protein (>27%) 
Polycarpy 
Prostrate growth habit 
Glabrous stem 
Fusarium wilt 
Dry root rot 
Stunt disease 
Fusarium wilt and dry root 
Fusarium wilt and black root rot 
Fusarium wilt and botrytis gray mold 
Fusarium wilt and ascochyta blight 
Fusarium wilt and sclerotinia stem blight 
Botrytis gray mold and ascochyta blight 
Botrytis gray mold and colletotrichum 
blight 
Ascochyta blight and stunt 
Fusarium wilt, dry root rot, and black 
root rot 
Pod borer 
ICARDA (lCARDA 1988) 
Ascochyta blight 
Fusarium wilt 
Leafminer 
Cold 
Cyst nematode 
Seed beetle 
Germplasm Diversification 
No. of 
accessions 
identified 
43 
86 
100 
43 
35 
43 
55 
25 
I 
2 
166 
47 
II 
18 
18 
I 
8 
2 
2 
3 
2 
22 
12 
12 
15 
o 
o 
New gennplasm is the main source of diversity for crop 
improvement. There are also occasional genetic changes 
(mutations) in the population, and if these natural 
mutations are selected and tested, they may prove to be 
very useful for future utilization. There are many 
reports of such mutations. Some recent ones, namely, 
lobed vexillum (Rao and Pundir 1983), polycarpy and 
twin-podded (Pundiret al. 1988a), and thick stem, open 
flower, and short bushy mutants (Dahiya et a1. 1984) 
are important. The recent reports on wilt resistance in 
twin-podded chickpea (Pundir and Mengesha 1988) 
and glabrousness in chickpea (Pundir and Reddy 1989) 
which were generated by artificial mutagenesis, show 
further enhanced variability in the genus. 
Docu mentation 
The ultimate value of any gennpla'im line will be fully 
realized with the availability and clarity of the docu-
mented information about each accession. The pass-
port and the evaluation data of the germplasm held at 
both ICRISA T and ICARDA have been computerized 
and published as catalogs (Singh et al. 1983 and Pundir 
etaI.1988b). 
Future Outlook 
The status of chickpea gemlplasm is periodically re-
viewed. Some of the chickpea-growing regions e.g., 
Algeria, Myanmar, parts of Ethiopia and India, Af-
ghanistan, Iraq, Libya, Jordan, Turkey, Tanzania, and 
USSR are not well represented in the world collection. 
Germplasm from these countries will be collected in 
the future with more emphasis on wild species. We 
should also identify a center where a duplicate set ofthe 
world collection of chickpea germplasm can be con-
served. Germplasm enhancement should be given em-
phasis in existing and future research programs mainly 
to transfer desirable genes to elite backgrounds and in 
developing new and efficient plant types. New bio-
technological innovations will have to be adopted when 
necessary to transfer desirable genes from wild Cicer 
species 10 cultivated chickpeas. 
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Session 2 
Main Items of Presentation and Discussion 
• The gene bank of ICRISAT holds 15 939 chick-
pea accessions from 42 different countries. These 
have been evaluated for 25 morphoagronomic 
traits. and passport data have been published. 
• Basic studies on interspecific differences in Cieer 
are of great importance. 
• Partial male sterility is already known in chick-
pea. but the search should continue for other use-
ful and novel traits. such as determinate growth 
habit and complete and stable male sterility. which 
are not presently available in the germplasm col-
lection. 
Session 2 
Principaux themes de presentation et de discussion 
• La banque de genes de l'ICRISAT possede 
15939 introductions de pois chiche provenant 
de 42 pays differents. Celles-ci ont ere evaluees 
pour 25 caracteres morphoagronomiques et les 
donnees d'identification sont publiees. 
• Des etudes fondamentales sur les differences 
interspecifiques chez Ie Cicersont d'une grande 
importance. 
• La sterilite male partielle est deja connue chez Ie 
pois chiche, mais il faut poursuivre la recherche 
des autres caracteres utiles et nouveaux, tels Ie 
port defini et la sterilite male complete et stable, 
qui ne sont pas disponibles actuellement dans Ia 
collection de ressources generiques. 
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Session 3 
Physiology / Agronomy 

Adaptation of Chickpea to Agroclimatic Constraints 
R.J. Summerfield), S.M. Virmanil, E.H. Roberts), and R.H. Ellis· 
Abstract 
The experience of farmers. research scientists and plant breeders (notably those working in the 
Indian subcontinent and Mediterranean basin) suggests that increasing emphasis should be 
placed on improving adaptation to climate if chickpea crops are to yield well. An appropriate 
phenology relative to the growing season available is especially important for improved 
productivity in environments where drought stress and temperature extremes are to be expected. 
Empirical approaches to the screening of germplasm for various adaptive traits have pre-
dominated in most breeding programs. Such methods have generated many data. but these 
evaluation descriptors of the timing of phenological events are largely specific to location and 
season and so are of limited use. 
By considering not the time taken but the rate of progress towards phenological event,,, (i.e .. 
the reciprocal of time), we describe the quantitative responsiveness of germination and flowering 
to photothermal conditions, question previous conclusions which concern the effects of vernali-
zation. and suggest protocols for screening and the genetic characterization of phenological 
responses in the chickpea germplasm which are independent of environment and yet predict the 
responses of accession,., in any location or season. 
Resume 
Adaptation du pois chi die JI des contraintes agroclimatiques: L 'experience des exploitants, 
des chercheurs et des selectionneurs (notamment ceux qui travaillent dans la region du 
sous-continent indien et du bassin de la M6diterranee) laisse entendre que I 'on devrait insister 
davantage sur J'amelioration de l'adaptation au cJimat, pour que les cultures de pois chiche 
puissent donner de bons rendements. Une phenologie appropriee en fonction de la saison de 
culture disponible est surtout importante pour ameliorer la productivite dans des environne-
ments ou il faut s 'attendre ala contrainte hydrique et A des extremes de temperature. 
Des methodes empiriqucs sur Ie criblage du materiel genetique pour differents caracteres 
d 'adaptation ont predomine dans la plupart des programmes de selection. De telles methodes 
ont fourni d~nnombrables donnees mais les descripteurs d'evaluation du calendrier des 
evenements phenologiques sont surtout specifiques au lieu et A la saison et donc d'interet 
restreint. 
En examinant non pas Ie temps necessaire mais Ie taux de progres vers les evenements 
phenologiques (c 'est-A-dire la reciproque du temps), nous decrivons les reponses quantitatives 
de la germination et de la /Joraison aux conditions ph otothermiques, noUB examinons de fafon 
critique les conclusions precedentes sur les dfets de la vernalisation et, finalement, nous 
I. Reader in Crop Physiology and Deputy Director, Professor of Crop Production and Director. and Lecturer in Agriculture and Scientific 
Associate, Plant Environment Laboratory. University of Reading. Department of Agriculture. Cutbush Lane, Shinfield. Reading RG2 
9AD. Berkshire. UK. 
2. Principal Agroclimatologist. Resource Management Program. International Crops Research Institute for the Semi-Arid Tropics (ICRI· 
SAT), Patancheru, Andhra Pradesh 502 324. India. 
Clutlon: ICRISAT (Intemational Crops Research Institute for the Semi-Arid Tropics). 1990. Chick.pea in the Nineties: proceedings of the 
Second Intemational Workshop on Chickpea Improvement, 4·8 Dec 1989. ICRISAT Center, India. Patancheru. A.P. 502 324. India: 
ICRISAT. 
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suggerons des protoco1es pour 1e crib1age et 1a caracterisation genetique des reponses pheno-
logiques du pois chiche qui sont independantes de 1 'environnement et qui pourtant permettent 
1a prevision des reponses du materiel genetique dans tout emplacement ou toute saison. 
Four seminal publications devoted wholly or in sub-
stantial part to chickpea (Cicer arietinum L.) have 
formally updated knowledge of the crop during the 
decade which has now elapsed since the International 
Workshop on Chickpea Improvement held at Hydera-
bad in March 1979 (ICRISA T 1980). In 1985, Smith-
son et al. scrutinized and synthesized more than 250 
references for their review of world production, con-
straints to productivity, and prospects for crop im-
provement. Then followed the first (many authored) 
standard reference book to be devoted to the crop, 
providing "a sound basis and direction for future re-
search" (Saxena and Singh 1987). The severe con-
straints imposed by abiotic stresses in general, and by 
droughts in particular, were debated in 1984 (ICRISA T 
1987). And finally. it is sobering to compare many 
"Country Reports" from the regions of North Africa, 
West and Southeast Asia with those genetic and bio-
technologies now being applied in attempts to over-
come traditional constraints in the wanner regions and 
elsewhere-as they are outlined in World Crops: Cool 
Season Food Legumes (Summerfield 1988). 
In contemplating the] 990s and seeking to comple-
ment published information. we shall describe briefly 
the major chickpea cropping environments, and then go 
on to discuss recent advances which attempt to quantify 
selected adaptive traits. Departing from tradition, we 
shall focus not on empirical evaluation descriptors 
(which are largely specific to location and season), but 
on the genetic characterization of those traits and asso-
ciated protocols for screening germplasm. This novel 
approach. we believe, can be the basis for a better 
exploitation of characters which are independent of 
environment yet predict the responses of accessions in 
any location or season. 
Climates of the Major Chickpea-growing 
Regions 
Detailed reviews of the agroclimatic environments and 
abiotic stresses which prevail in the major chickpea 
cropping regions of South and Southeast Asia and the 
Mediterranean are given by Chandra (1980), Huda and 
Virmani (1987), and Saxena (1987a). 
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South and Southeast Asia 
This region includes the major producing countries for 
desi chickpea: India (which accounts for about 60% of 
world production. and more than two-thirds of the area 
cropped worldwide). Pakistan, Nepal. Bangladesh. and 
Myanmar. Figure 1 shows that the distribution of rain 
fall is strongly seasonal throughout the region. In 
general. more than 80% of the annual total falls during 
a rainy season which extends from May/June until 
October, with peaks during the summer monsoons in 
August and September. The variability (unreliability) 
of annual rainfall within the region is reflected by 
coefficients of variation which commonly exceed 20%. 
The wettest months are also hot (Fig. I): average 
di urnal air temperatures vary between 25" and 30"C, dai 1 y 
maximum values are typically close to 35"C. and nights 
are warm (20"-25()C). These temperatures are supra-
optimal for seed production (Sinha 1977) and so 
chickpea is traditionally cropped during the postrainy 
season when temperatures average around 20ne, with 
wann days (2Q<'-25°C) and cool (5"-1 onc) or even cold. 
frosty nights (- ] 0 (J'e). Rainfall is low and unreliable; 
the crop essentially survives on moisture stored in the 
soil profile. 
The alluvial soils (Entisols) in northwest India and 
Nepal may retain up to 200 mm of available water in a 
profile 120-cm deep. Over similar depths, the black 
cotton soils (Vertisols) of peninsular India have the 
potential to store 250 mm of available water. 
Potential evapotranspiration demand during the 5-6-
month period extending from October/November to 
March is typically within the range 200-300 mm for 
most chickpea growing areas in the region. If the soil 
profile is fully charged with available moisture. and if 
some rain falls during the reproductive period, then 
chickpea crops can give excellent yields of biomass and 
seeds. In reality, however, seed yields seldom exceed 
0.7 thai (Jodha and Subba Rao 1987). 
Winter Rainfall Areas of South Asia and the Medi-
terranean Region 
Throughout an extensive region from northern Pald-
stan, through Afghanistan, Iran and the Middle East. 
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and into Mediterranean Europe chickpeas are exten-
sively cultivated during the wetter winter months or, 
where snow occurs, during the cool dry springtime 
period. Most (> 70%) of the annual precipitation (i.e., 
snow plus rain) falls during the 5-6 months between 
November/December and the following April; sum-
mers are typically dry and warm (Khan 1980). 
Although mean total annual precipitation through-
out the region rarely exceeds 500 mm (Fig. 2) it is 
conserved and used rather effectively during the cool 
winter season by a crop that has a relatively small 
evapotranspiration requirement (200-250 mm). Mean 
annual air temperatures are often cooler than 20"C 
except in some areas where rainfall distribution is 
bimodal (e.g., Fig. 2b). Where frosts and snowfall are 
rare, chickpea crops are sown at the onset of the winter 
rains. In colder regions, sowing coincides approxi-
mately with the time the seasonal values of mean daily 
temperature rise to about 1O"C. Providing crops can be 
protected from, or are resistant to the ravages of asco-
chyta blight (Ascochyta rabiei), can tolerate cold and 
waterlogging, are able to nodulate well, and can com-
pete effectively with weeds, then dramatic increases in 
productivity can be achieved by sowing earlier, i.e., 
during the late winter months (Saxena and Singh 1984). 
Agroclimatic Constraints 
The principal agroclimatic constraints to chickpea 
productivity and production are summarized in Table 
1. In many parts of South and Southeast Asia, plant 
stands in farmers' fields are poor; the seed yields 
harvested are often < 25% of those commonly achieved 
without irrigation on experiment stations within the 
same region, and from similar cultivars (Sheldrake and 
Saxena 1979). Recent work on chickpea seed germina-
tion (as a prelude to rapid seedling emergence and the 
achievement of target plant population densities) as it 
is affected by the water-storage environment and sub-
sequent conditions in the seedbed is discussed by Ellis 
1988; Ellis et al. 1986, 1987. 
Once the crop is established, a large body of experi-
ence confirms that if chickpea is to have the potential to 
yield well then an appropriate crop duration in relation 
to the available growing season is essential; not surpris-
ingly, sowing date is one of the most important agro-
nomic factors affecting productivity (Saxena 1987b). 
Much has been learned during the 1980s about the 
modulation of phenology in annual crops by the pho-
tothermal environments experienced by imbibed seeds 
and vegetative plants (Roberts and Summerfield 1987). 
These advances, which we shall illustrate with chick-
pea, have exciting implications not only for predictive 
purposes in fluctuating field environments, but also for 
the genetic analysis of those responses and the screen-
ing of germplasm. 
Photothermal Modulation of Flowering 
One of the objectives of CGIAR Centers and of others 
Table 1. Principal agrocUmatic constraints to productivity and production of chickpea l . 
Soil group 
South and Southeast Asia 
Vertisols 
Entisols 
Seedling 
establishment 
Hot and/ or dry 
seedbeds 
Hot and! or dry 
and / or saline 
seedbeds 
Winter rainfall areas of Asia and the Mediterranean 
Mollisols Cold and/or 
and wet seedbeds; 
Vertisols poor radiation 
receipts 
I. Compiled from numerous sources. 
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Crop growth stage 
Vegetative 
period 
Supra-optimal 
temperatures 
(>30°C) 
and! or drought 
Drought 
(if winter rains 
fail); soil 
salinity 
Cold tempera-
tures with or 
without frost 
damage 
Flowering and 
seed formation 
Supra-optimal temperatures; 
drought (exacerbated by soil 
cracking) 
Drought; 
soil salinity; 
frost damage 
Drought; 
poor radiation receipts; 
frost damage 
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seeking to improve output and yields in rainfed agricul-
ture is to help to design, for individual crops, cultivars 
and production practices that are adapted to make the 
best use of the features of a target environment (Mulitze 
et al. 1987). To achieve this objective, data are needed 
that describe variations in soils and climate, and espe-
cially in rainfall, together with ecophysiological mod-
els of the ways in which crop plants are adapted to their 
environments (Bunting 1975). Studies on phenology 
are important in this context, not only in relation to the 
genetic improvement of crops but also for the agro-
nomic improvement of production systems (Lawn 1988; 
Monteith 1987). 
In chickpea, crop durations (i.e., sowing to reproduc-
tive maturity) are strongly correlated with relative 
earliness to flowering (e.g., Pundir et al. 1988). Not 
surprisingly, it is the time to flowering of different 
genotypes sown on various dates at different locations 
which researchers and breeders have been keen to 
predict. 
A decade ago, we (Summerfield et al. 1980) argued 
that studies concerned solely with flowering responses 
to photoperiod in chickpea were of limited use; as in all 
annual crops for which data are sufficiently extensive, 
responsiveness to photoperiod is strongly modified by 
temperature (Summerfield and Roberts 1985). And so, 
for example, whilst it is known that most of the chick-
pea genotypes that are resistant to ascochyta blight are 
also very sensitive to photoperiod (Singh and Malhotra 
1984), their reactions to temperature remain to be 
determined. Thus, until recently, resistant genotypes, 
phenologically well-adapted to particular photother-
mal environments, could only be identified by empiri-
cal and time-consuming trials at many locations. 
It is now clear that the plastic trait of time from 
sowing to flowering, f, in chickpea is modulated by 
both the mean photoperiod (P) and the mean tempera-
ture (D experienced during vegetative growth (Roberts 
et al. 1985). However, as we describe in detail else-
where (Roberts and Summerfield 1987), photothermal 
effects on flowering in annual crops, are best exposed 
and quantified (between unambiguous limits) by models 
that relate not times of flowering, but rates of progress 
towards flowering (i.e., I if, the reciprocals of the times 
taken) to photoperiod and temperature. These models 
are based largely on work done in controlled environ-
ments but, as we shall illustrate here for chickpea, the 
relations and the recommendations based on them 
should prove applicable to fluctuating field environ-
ments. Furthennore, our experience with a wide range 
of crops of both temperate and tropical origin, includ-
ing chickpea. is that between wide respective limits the 
effects of photoperiod and temperature seldom interact 
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when rates of progress towards flowering are consid-
ered. 
Briefly, between a base, Tb ' and an optimum tem-
perature, To' and between a critical, Pc ' and a ceiling 
photoperiod, P ce' variation in rate may be described as 
a response plane given by: 
IU= a+ bT+ cP (1) 
in which a, b, and c are genotype-specific constants. 
The value ofT", at and below which there is no progress 
made towards flowering (i.e., the time taken to flower 
is infinite), is given by: 
Tb = -(a + cP)/b (2) 
This is because when T = Tb then IU = 0, and so a + 
bTb + cP = 0; the value of the base temperature, then 
varies with photoperiod. Nevertheless, it is feasible to 
use equation ( I ) to devise a photothermal time concept 
for predicting time to flower. This is analogous to the 
thermal-time concept (e.g., Robertson 1973) which, 
while valuable, is only appropriate to photoperiod-
insensitive plants (or in the unlikely case offield crops 
which experience a constant photoperiod throughout 
the preflowering period). 
The photothermal time necessary for flowering, Oq;" is 
measured in similar units to thermal time, i.e., day-
degrees (DC d) above the base temperature, T" ' and is 
given by: 
Oq;,= lib (3) 
Finally, for long-day species (LOP) such as chick-
pea, the critical photoperiod, Pc' we define as that 
day length below which there is a delay in flowering and 
the ceiling photoperiod, P ce' as the longest photoperiod 
in which maximum delay is achieved. If this delay is 
infinite the photoperiodic response is obligate, whereas 
if it is finite the response is quantitative. Despite some 
misleading statements to the contrary, LOP can even-
tually flower in relatively short days-and short-day 
species (SOP) can often flower in relatively long days. 
The fact that a genotype is categorized as either a LOP 
or a SOP tells us nothing about the duration of the 
critical or ceiling photoperiods (Roberts and Summer-
field 1987; Summerfield et aI. in press). 
When pre-flowering day lengths are longer than Pc in 
LOP (i.e., under conditions where day length is most 
inductive but variations in it have no effect) then lUis 
modulated exclusively by temperature, as described 
by: 
IU= 0'+ b'T (4) 
In these agronomically rare circumstances, it can be 
shown that the value of Tb is given by: 
T = -a'lb' b (5) 
and that providing To> T> Tb then the thermal time, 9, 
necessary for flowering may be calculated from the 
expression: 
9= lib' (6) 
Conditions in many field environments where chick-
peas are or may come to be grown are likely, we 
beIieve,to be always or mostly within the range P <:e < P 
< Pc and so equations (I), (2), and (3) will apply. We 
recognize, however, that simple, linear equations may 
give absurd values for the dependent variable and for 
derived entities if the clearly stated and valid limits are 
transgressed (e.g .• Landsberg 1977). Certainly. more 
information is needed on the effects of transitory excur-
sions into regimes where T> To and T < Tb• In the in-
terim, however. an increasing body of evidence points 
to the utility of equation (1) as a sound basis for the 
prediction of field responses over wide ranges of each 
of P and T - as we now illustrate. 
More than 20 years ago, Eshel (1967) sowed two 
genotypes of chickpea (one from the USA, cv. Califor-
nia), the other from Bulgaria. cv. Bulgaria) at success-
ive 3-week intervals between October and August at 
Rehovot, Israel. Times from emergence to flowering 
varied between 24-30 and 131-145 days~ average daily 
temperatures during the pre-flowering period differed 
by almost a factor of two (from 12.00 to 22.7OC)~ and 
average daylength (sunrise to sunset) varied between 
IO.S and 14.1h [and, in passing, tim~s to flowering of 
both genotypes, we calculate, were strongly correlated 
(r=0.989 and 0.994, n == to) with those to reproductive 
maturity]. 
When discussing his results, Esh'el was unable to 
"draw firm conclusions concerning the (flowering) 
response of chickpea to day length and temperature" 
but suggested "that the effect of day elongation on 
shortening the vegetative growth period was stronger 
than the effect of temperature increase". However, 
when Eshel's field data on times to flowering. f, are 
transformed into 11/ and equation (I) is applied, the 
photothermal model gives r values of 0.84 (cv. Bul-
garia) and 0.99 (cv. California). Unfortunately, as is a 
common problem with serial sowing date studies in the 
field, the seasonal march in temperature and day length 
at Rehovot were almost perfectly correlated (i.e., as 
days lengthened so average temperatures increased). 
For that reason, we are hesitant to rely, in these circum-
stances, on the estimated values oftheconstantsa. b, and 
c. Nevertheless, application of equation (I) leaves us in 
no doubt that cv. California was far more sensitive to P 
than cv. Bulgaria which, in tum, was far more sensitive 
to T. The similar phenological plasticity of these two 
genotypes was, in fact, a consequence of markedly 
different responsiveness to photoperiod and tempera-
ture. 
Once again, the inclusion of an interaction term in 
the photothermal modeJ, i.e., 
II!= a + hT + cP + d(P x. n (7) 
had no significant effect (P > 0.05); it increased r2 
compared with those given by equation (I) by only 
0.006 or 0.009. We suggest, then, that responsiveness 
to daylength and responsiveness to temperature in 
chickpea are under separate genetic control. 
We have discussed in detail elsewhere (Roberts et al. 
1985; Roberts and Summerfield 1987) how reliable 
estimates of the genetic parameters a, b, and c can be 
obtained from just four field environments. Our tenta-
tive recommendations for chickpea are dayJengths of 
11-12h and 14-ISh combined with day and night tem-
peratures which give mean values close to ISo or 23"<:. 
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Day temperatures> 25OC, we suspect, may be supra-
optimal for some (and possibly many) genotypes 
(Roberts et al. ] 985). Only after establishing linear 
relations between 11/ and each of P and T, and over wide 
ranges of each factor, are we now able to suggest a 
protocol for screening and the genetic characterization 
of flowering responses in the chickpea germplasm. 
Figure 3 shows the utility of equation (I) over the 
photothermal range recommended using, as an ex-
ample, the original data of Eshel (1967). 
Vernalization in Chickpea 
(Fact or Artefact?) 
The timing of flowering in various genotypes of chick-
pea has long been said to be significantly influenced by 
quantitative responses to vernalization (e.g., Pal and 
Murty 1941; Saxena and Siddique 1980). Vernaliza-
tion (i.e., the hastening of flowering by temperatures 
much cooler than the optimum for growth) has been 
thought to be especially important in later-flowering, 
more photoperiodically sensitive genotypes; indeed, in 
some cases, it has been thought to be capable of 
substituting for longerphotoperiods in this quantitative 
long-day species (Angus and Moncur 1980). However. 
problems arise in the design of experiments which seek 
to demonstrate vernalization effects. 
If a cool pre-treatment is given to imbibed seeds or 
seedlings before transfer to a subsequent. warmer envi-
ronment. and pre-treatment effects on/are then com-
pared with a control treatment in which plants have not 
been exposed to cold. it follows that if the cool pre-
treatment had been a regime where Tb (equation (2)) was 
exceeded, then some progress towards flowering dur-
ing pre-treatment would be expected as photothermal 
time would have accumulated. The essential question 
is: "Does any reduction in the subsequent time to 
flowering following a putative vernalization treatment 
exceed that which is expected due solely to the accu-
mulation of photothermal time during the pre-treatment 
period?" 
This question has been recently addressed for two 
genotypes of chickpea known to differ appreciably in 
their flowering responses to photothermal conditions: 
kabuli cv. Rabat, from Morocco. is far more sensitive 
to P than the desi accession ICC 5810, from northern 
India. which is far for more sensitive to T (Roberts et al. 
1985). Imbibed seeds of both genotypes were pre-
treated in various combinations of cold or cool tem-
peratures (l°-U)OC) and durations (5-42 days) before 
transfer of seeds or seedlings to each of six growing-on 
regimes (photoperiodsof 11 or 15hday" combined with 
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various mean temperatures between 15.6° and 22.7OC). 
Compared to the non-pretreated controls, these poten-
tially vernalizing treatments hastened subsequent times 
to flowering by 6% for ICC 58] 0 and by ] 2-20% for cv. 
Rabat (Summerfield et al. 1989). One interpretation, 
then, is that cv. Rabat responds to vernalization whereas 
ICC 58] 0 probably does not. 
However, knowledge of the values of the constants 
a, b, and c in equation (]) (Roberts et al. ] 985) reveals 
that,atagivenvalueof P, the value ofTb is considerably 
smaller in cv. Rabat than in ICC 5810. Consequently, 
it is not surprising based only on considerations of 
photothermal time accumulated during pre-treatment 
that exposure to cool temperatures hastened flowering 
relatively more in cv. Rabat than in ICC 5810. Indeed, 
Figure 4 shows when photothermal time was accumu-
lated during both the pre-treatment periods and subse-
quently, flowering occurred when predicted (for cv. 
Rabat. r = 0.910. n = 162. P > 0.10; for ICC 5810, r 2 
= 0.976, n = 162, P > 0.25). There is therefore no evi-
dence of a specific vernalization response in either 
genotype. Accordingly, a thorough re-evaluation of 
"responsiveness to vernalization" in the chickpea 
germplasm might well be prudent. 
Prospect 
The main opportunities to increase yields in drought-
prone environments seem likely to be based on ap-
proaches that increase total water use and harvest index 
of crops protected in one way or another from local 
biotic constraints. In general, phenological traits are 
important in that they offer to breeders the potential to 
match crop growth to water supply (e.g .. Buddenhagen 
and Richards 1988; Lawn 1988). The rate of establish-
ment and stand density achieved affect the loss of water 
from soil evaporation relative to the amount transpired 
by the crop (Cooper et al. 1988). Later, timely flower-
ing must not only match crop durations with the grow-
ing season available, but must also favor satisfactory 
partitioning of dry matter and nitrogen into harvested 
organs. An ability to predict phenology in different 
environmental circumstances (e.g., at different locations 
and for different dates of sowing) would, then, enable 
well-adapted genotypes to be grown so that environ-
mental resources are fully exploited (e.g., periods dur-
ing which water supply ,radiation, and temperatures are 
favorable) whereas the adverse consequences of sea-
sonal constraints (e.g., extremes of temperature and 
aridity) are minimized. An ability to predict phenologi-
cal events in crop germplasm would assist in the breed-
ing process too: it would facilitate the more efficient 
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Figure 4. Relationship between actual predicted and total times to first flower chickpea plants of cv 
Rabat and accession ICC 5810. The times shown (d) include pretreatment periods in cool environments 
of 1° C, S° C, or 10° C before transfer to each or six warmer environments in which nowering occurred. 
Results for 162 plants of each genotype are presented but many points are obscured by coincidence of 
position. The solid dialonal line (y = x) represents perfect agreement between observed and predicted 
total times to first flower (for full details see Summerfield et al. 1989). 
screening of genotypes to select those best adapted to 
specific target environments, and would enable the 
range of environments over which genotypes need to be 
tested to be rationalized (Lawn] 981). In other words, 
breeders would "more fully ex:ploit the genetic re-
sources that are available to them as they have never 
done before" (Frankel 1989). 
The principal chickpea-cropping environments and 
their regional variations have been well described; key 
phenology parameters (for which useful heritable vari-
ations are already known to exist) can now be geneti-
cally characterized; and protocols for screening the 
chickpea gennplasm have been recommended. Prog-
ress during the last decade, then, leads us into the 19908 
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confident that chickpea genotypes well adapted to 
traditional and novel systems of production can be-
come increasingly available. 
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Defining, Modeling, and Managing Water Requirement of 
Chickpea 
Piara Singhl , N.P. Saxena2, J.L. Monteith., and A.K.S. Budai 
Abstract 
A chickpea model based on the capture of water and light is presented. The model simulates 
canopy and root growth. transpiration. total dry maller, and seed yield. The model is sensitive to 
the amount of soil water made available either through rainfall or irrigation. and can thus be 
used to assess the water requirements of chickpea for a given level of production. Simulations 
for peninsular India show that maximum chickpea yields should be obtained if the crop is given 
5 cm irrigation at flowering and at pod-filling. This preliminary version of the model needs 
further testing and validation for a wide range of cultivars and environments. 
Resume 
DeDnition, modeli_tion et lest/on detl beaolns en eau du pols cbidle: Un modele de pois 
chiche base sur la prise de l'eau et de la lumiere est presente. Le modele simule la croissance de 
la canopie et des racil1t~S, la transpiration, la matiere seche tota/e et Ie rendement en semences. 
Le modele est sensible Ii la quantite d'eau du sol mise Ii disposition, soit par suite de la pluie ou 
de 1 'irrigation, et il peut donc servir pour eva/uer les besoins en eau du pois chiche pour un 
niveau de production determine. Les simulations pour l1nde peninsulaire montrent que des 
rendements maximum de pois chiche peuvent ~tre obtenus si la culture refoit 5 cm d'irrigation 
au moment de la floraison et au stade de remplissagedes gousses. Cette version preJiminaire du 
modele doit subir des esssis plus detailles avant d' ctre va/idee pour une gamme large de 
cultivars et d'environnements. 
The amount of water needed by a crop throughout its 
growth is the sum of evaporation from the soil surface 
and transpiration needed to achieve potential growth 
and yield. This sum depends on the c1jmate and the 
cultivar grown. Crops need more water when potential 
evaporation is rapid and the duration of growth is long. 
Under rainfed conditions such potential water needs of 
the crop are very rarely met because of infrequent 
rainfall and decreasing soil water supply. It has been 
shown in several studies that. depending on yield. 
chickpea uses 100 to 450 mm of water and has water 
use efficiencies ranging from 5.2 to 35.2 kg ha· 1 mm· l 
for biomass yield. and from 1.1 to 15.7 kg ha" mm· 1 for 
seed yield (Sandhu et at 1978; Sivakumar and Singh 
1987; Siddique and Sedgley 1986; Singh and Bhushan 
1980; Keatinge and Cooper 1984). Huda and Virmani 
( 1987) made an initial attempt to utilize the information 
on water use by chickpea to simulate seed yield of the 
past years for ICRISA T Center. Patancheru and Hisar. 
It was evident from these figures that water use by 
I. Soil Scientist, Program Director, and Agroclimatologist, Resource Management Program. and 2. Senior Crop Physiologist. Legumes 
Program, International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru. Andhra Pradesh ~ 324. India. 
ICRISAT Conference Paper no. CP 557. 
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chickpea is location and cultivar-specific, and there-
fore cannot be generalized. 
Doorenbos and Pruitt (1977) suggested a methodol-
ogy for assessing the water requirements of a crop using 
potential evapotranspiration and crop coefficients. With 
the recent advances made in the modeling of eva-
potranspiration, the soil evaporation and transpiration 
could be separately estimated from the crop, climate, 
and soils clata. Thus the water requirements of a crop 
(or cultivars) could be estimated more accurately 
across environments than by using the fixed crop coef-
ficient approach. Hence to assess water requirements 
of chickpea and to assess its yield responses to variabil-
ity in climate and management, we developed a growth 
and yield model of chickpea using the framework ofthe 
Resource Capture Model (RESCAP) initially devel-
oped for cereals by Monteith et al. (1989). The model 
estimates soil evaporation and transpiration by simu-
lating the growth of a crop canopy (treated as a light 
capture system) and of roots (treated as a water and 
nutrient capture system). Crop growth and water 
balance are simulated on a daily basis. and yield is 
estimated at maturity. The model is briefly described 
in the following sections. 
Model Structure 
Phenology 
Chickpea development is determined by temperature. 
photoperiod, drought stress, and cultivar. Chickpea is 
a quantitative long-day plant. Considering changes in 
dry-matter allocation with development, growth can be 
divided into three phases: emergence to flowering 
(OS I). flowering to pod-initiation (OS2), and pod-
initiation to physiological maturity (OS3). Duration of 
emergence to flowering was computed according to 
relations established by Summerfield et at. (1987) 
which account for the influence of photoperiod and 
temperature on flowering. The durations of OS2 and 
OS3 were specified in terms of thermal time computed 
("Cd) above a base temperature of 8"C and with a 
ceil ing temperature of 3O"C. The duration of all growth 
phases was further adjusted allowing for the amount of 
water deficit experienced by the crop. Studies at 
ICRISA T have shown that the durations OS I, OS2, 
and OS3 decreased by 1.9, 1.6, and 1.5"Cd mm-' of 
evapotranspiration (ET) deficit, defined as the differ-
ence between actual evaporation and potential taken as 
0.9 x open-pan evaporation (unpublished data, ICRI-
SAT). 
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Dry Matter Production 
When water does not limit plant growth the rate of dry 
matter production C (kg m-2 dol) per unit of intercepted 
solar radiation S (MJ m-2 dol) is assumed to have a 
constant value of 0.67 g MJ' of solar radiation (ICRJ-
SA T 1988). When water is limiting, dry matter produc-
tion is calculated from the amount of water transpired 
and the saturation vapor pressure deficit of the air. If q 
is the mass of dry matter per unit mass of water 
transpired, and SD is the mean saturation deficit of the 
atmosphere (kPa), the quantity qd = q • SD is conser-
vative for a crop and has a value of 4.8 g kg-' kPa for 
chickpea (lCRISAT 1988). On a day when dry matter 
production is C, the demand for water to transpire is C 
• SD/(qd). 
Allocation of Dry Matter to Shoots 
The fraction of above-ground dry matter (FAO) was 
divided between leaves (FL), stems (FS), pods (FP), 
and seeds (FO) in proportions which changed with 
plant age. From emergence to pod-initiation (OS] + 
OS2), 50% of above-ground dry matter was allocated 
to leaves, and the remaining 50% to stems including 
branches. After pod-initiation, the fraction allocated to 
pods (pod wall + seed) was increased at a constant rate 
from 0 to 1.1 to allow up to 10% translocation to pods 
of the assimilates produced before pod-initiation (un-
published data of ICRISAT). All translocation was 
assumed to occur from leaves. If a plant experiences 
drought stress, vegetative growth is suppressed and 
proportionately more assimilates are allocated to re-
productive organs. To allow for this, the fraction 
allocated to pods was increased by an amount TCP per 
mm of ET deficit. Similarly when pod-filling started 
the fraction allocated to seeds increased with time from 
o to 1.1, and if water was short the fractional allocation 
was increased by an amount TCS per mm of ET deficit. 
Both TCP and TCS are cultivar-specific and were 
obtained by cultivar calibration. Allocation to stems 
was decreased exponentially from 0.5 to a minimum 
value determined by the time after initiation of pods. 
After assimilates were allocated to pods and stems, the 
remaining fraction was allocated to leaves. 
Root Growth and Water Uptake 
The volume of available water per unit volume of soil 
(A W) was assumed to be a function of soil depth Z. The 
size and distribution of the root system was specified by 
two parameters: the downward velocity of a root 
"front" (THCK) which is the thickness of the soil layer 
traversed by the root front in one day; and RL V, the root 
length per unit volume of soil (m m· l ) which is a 
function of Z and therefore of time. 
Analysis of sequential root harvests on a Vertisol 
showed that chickpea reaches a maximum velocity of 
root extension (RRMAX) of about 1.5 cm d· l about 20 
days after emergence. Field measurements on Verti-
sols have shown that RLV usually has a maximum 
value of about] x ] ()4 m m':\ at minimum rooting depth 
(RDMIN) and decreases with depth to about ]/lOth of 
this value at a maximum rooting depth (RDMAX) at 
approximately 1.5 m. RL V was considered to be in-
versely proportional to the square root of rooting depth 
RD. Then RL V at depth RD is 
RL V (RD) = RL V( 1) (RDMIN/RD)05 .............. (1) 
If the allocation of dry matter to the rool system is a 
fraction Xr of C then 
Xr.C(TIME) == RHO. RL V . THCK(TIME) 
(2) 
where RHO is root mass per unit length (5 x 10-6 kg m 
I). During early growth we used equation 2 to calculate 
THCK. Xr was set at an arbitrary value of 0.4, so that 
THCK reached a maximum value of root extension 
(RRMAX) within 20-25 days after emergence as often 
observed in the field. When THCK reached its maxi-
mum value of RRMAX. we set THCK at RRMAX and 
a1lowed Xr to decrease with increasing depth. 
Provided there is no input of water from rain or irriga-
tion and evaporation is limited by water extraction and 
not by water demand. the available water at depth z and 
time t' is assumed to decrease exponentiaUy with time, 
and can be calculated from the expression 
A W(z,t') = A W(z,O) exp (-f/T AU) ................... (3) 
where t' is the time when the root front arrives at depth 
z and TAU is a time constant for the extraction process. 
This quantity is likely to depend upon the physical 
properties of the soil and on plant water relations, but 
cannot yet be estimated with confidence from a sub-
model. We assumed TAU to be inversely proportional 
to the root length density as suggested by Passioura 
(1983) so that TAU is proportional to the square root of 
.depth. The rate of extraction at any depth was then 
given by 
-d fAW(z,t')} / dt = (AW(z,o) /TAU)exp (-t'/TAU) 
....................... (4) 
The depth of layer traversed by the root zone on the day 
defined by time t after emergence is u(t) so that the 
amount of water extracted from the layer is 
THCK.d (A W(z.t'»/dt' ....................... (5) 
To find the total potential extraction XT for the whole 
profile on day t this quantity was summed for values of 
l' from I to 1. If XT is less than the water equivalent of 
dry matter production as estimated from light intercep-
tion, XT was adopted as the transpiration rate and the 
rate of dry matter production became 
C == (qD/SD)XT. 
When XT was more than the water equivalent of dry 
matter production, or when the layer of soil above the 
drying front but below seed depth was wetted by rain or 
irrigation we assumed that growth and transpiration 
were light limited until this water had been removed. 
The rate of transpiration then reverted 10 XT. 
Soil Evaporation 
The rate of potentia] soil evaporation EP from newly 
wei soil with no ground cover was assumed to be 0.9 
times the rate of evaporation from a class A pan, PANE. 
Ground cover reduced the evaporation by the factor (1-
Fi), where Fi is intercepted radiation. Drying reduced 
the rate by a factor proportional to the amount of water 
in the surface layer expressed as a fraction of water held 
at field capacity_ If AE is the actual water content of the 
layer, AD is the air-dry value. and FC is the water 
content at field capacity, then the actual soil evapora-
tion ES is 
ES=O.9PANE(]-Fi)(AE-AD)/(FC-AD) ............ (6) 
the air-dry water content was assumed to be ]/3 of the 
value at the conventional wilting point -1.5 MPa. 
Soil Water Status 
Toa first approximation, water content at field capacity 
is constant with depth in the root zone whereas the total 
plant extractable water content decreases with depth. 
At the maximum depth of rooting taken to be 1.5 m. the 
maximum available water content (MAW) was as-
sumed to be half the value at 0.1 m. To initiate the 
distribution of water, the ratio of actual to maximum 
available water ISW was assumed to be the same at aU 
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depths. The decrease of available water with depth was 
therefore given by 
A W = MA W·( I - 0.5·RO/ROMAX) .. ISW 
(7) 
The corresponding initial soil water deficit (mm) was 
SMDO = 0.75 • MAW • (l-ISW)*(RDMAX-
ROMIN)*IOOO ....... (8) 
Soil Water Balance 
Changes in the soil water deficit of the surface layer (0-
10 cm depth) were assumed to occur as a result of the 
direct input of water from precipitation (P) or irrigation 
ORR) and losses as a consequence of evaporation (E) or 
percolation (PRC). If SM 100 is the soil water deficit 
in the top 10 cm on day ( t-I), then the water balance 
for day t is as follows: 
if (P + IRR) > SMIOO. 
thenPRC=P+IRR-SMIOOandSMIOO=O ....... (9) 
But if (P + IRR) ~ SM 1 00 then PRC = 0 
and SM 100 = SM 100 - (P + IRR) ....................... (l0) 
Similar algorithms are used if the soil water deficit in 
the root zone (SMO) increases as a result of drainage 
from above (PRC) and decreases as a result of transpi-
ration and drainage. 
Model Performance 
The inputs required to run the model are given in Table 
1. The model was calibrated against the 1985 and 1987 
measurements on cultivars Annigeri and JG 74, and 
then used to predict biomass, seed yield, and eva-
potranspiration (ET) for other seasons. A total of 27 
independent data sets for seasons from 1978 to 1986 
were available for testing the performance of the model. 
Simulated total dry matter was strongly correlated (r = 
0.87, P < 0.0 I) with observed yields (Fig. I). Similarly 
simulated seed yields and ET were well correlated with 
observations (r = 0.72 for seed yield and r = 0.91 for 
ET) (Figs 2 and 3). These correlations suggest that the 
model could be used more widely to assess water 
requirements and the associated biomass and seed 
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Table 1. Input requlre.enb for the chickpea model. 
Location data 
1. Latitude (0') 
Climatic data (daily) 
1. Solar radiation (MJ d- I ) 
2. Maximum and minimum temperature (0C) 
3. Rainfall (mm) 
4. Open-pan evaporation (mm) 
5. Relative humidity at 0700 and 1400 h (%) 
Soil data 
1. Maximum available water capacity of soil (mm) 
2. Actual available water at emergence (mm) 
Management data 
1. Plant population (plants m-2) 
2. Date of sowing (Julian) 
3. Date (Julian) and amount of irrigation (mm) 
Crop coefficients 
1. Specific leaf area (cm2 g-') 
2. Extinction coefficient for radiation (unitless) 
3. Dry matter transpiration ratio (g kPa kg-I) 
4. Radiation-use efficiency (g MJ-') 
5. Root mass per unit length (kg m- I ) 
6. Root length density (mm-3) 
7. Maximum velocity of root extension (m d-
'
) 
8. Photoperiod and thermal time relationships for 
duration of growth stages e Cd) 
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Figure 1. Relationship between observed and 
simulated total dry matter (t ha-1) of chickpea. 
yields of chickpea in response to soil water availability 
and supplemental irrigation. 
The model was further used to assess yield responses 
of chickpea (cv Annigeri) to irrigation schedules, and 
o = Annigeri (1978, 1979, 1980) 
3.5 • = JG 74 (1986) 
, 
~ 3 
.c:: 
-= 1:1 line 
o 
o 
0.5 1.5 2 2.5 3 3.5 
Observed seed yield (l ha- l ) 
y = ..0.25 + 1.1 Ix (±OJ 13) 
r2 = 0.72 P < 0.01 
. Figure 2. Relationship between observed and 
simulated seed yield (t ha- I ) of chickpea. 
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Observed ET (cm) 
y = -1.44 + 0.99 x (± 0.06) 
r2 = 0.91 P < 0.01 
Figure 3. Relationship between observed and 
simulated evapotranspiration (ET) of 
chickpea. 
to soil water availability on a Vertisol for II postrainy 
seasons using the 1978 to 1989 climatic data. In re-
sponse to irrigation a maximum seed yield of 2.2 
t ha·1 with a coefficient of variation (CV) of 21.4% was 
obtained when the (modeled) crop was given 5 cm of 
irrigation at vegetative, flowering, and pod-filling 
stages (Table 2). Total biomass production with three 
irrigations was5.0tha·/ with aCV of9.2%. On average, 
the crop used 30.5 cm of water to produce 5.0 tons of 
biomass per hectare. With two irrigations each of 5 cm, 
the best strategy was to irrigate the crop during flower-
ing and pod-filling to obtain higher and stable yields 
over the years. The mean seed yield was 2.2 t ha·1 with 
a CV of 13.3%. With one irrigation. the crop could be 
irrigated either during flowering or pod-filling to in-
crease yields. but the yields were more stable when the 
crop was irrigated during pod-filling. Non-irrigated 
yield was 1.4 t ha· l with a CV of 13.3%. These predic-
tions on scheduling of and response to irrigation are 
similar to those reported elsewhere (ICRISA T 1983). 
The response of chickpeas [0 available soil water at 
emergence (ASW) was also examined. On average 2.9 
t ha" of dry matter and 1.4 t ha" of seed were produced 
when the soil profile was full (20 cm ASW) at emer-
gence (Table 3). As expected, the yields declined and 
yield stability decreased with the decrease in soil water 
availability and when ASW was only 50% of its . 
maximum value, only 0.6 t ha" of dry matter and 0.3 t 
ha-' of seed yield could be produced. The crop was 
unable to extract water deeper in the profile because of 
restricted root growth. 
It is clear from the above results that the model is 
sensitive to water availability and could be used to 
assess yield responses to soil water availability, rain-
fall, and supplemental irrigation. The model needs 
cultivar-specific coefficients before it can be used for 
new cultivars and needs testing for environments other 
than peninsular India . 
Future Work 
More work is needed in the following areas to further 
improve the model. 
Phenology 
More information needs to be generated on base tem-
perature, ceiling temperature, and photoperiod sensi-
tivity of developmental processes of individual culli-
vars of chickpea, so that phenological events can be 
77 
Table 1. Simulated r.ponte of total dry matter, lied ,Ield, ad ET of eblckpH (tv ADIlilerf) to yarious inllatlon 
lCbeduiel on a Vertholat ICRISAT Clllter, uainl cUmadc recorda from 1978 to 19881• 
Irri- Total dry matter Seed yield ET gation 
Irrigation amount Mean CV Mean CV Mean CV 
schedule (em) (t ha- I ) (%) (t ha-I) (%) (em) (%) 
N onirrigated Nil 2.9 13.4 1.4 13.3 16.4 10.9 
Vegetative 5 3.3 11.8 1.4 15.7 20.7 8.6 
(20 DAE)2 
Flowering 5 3.6 14.3 1.6 25.1 21.7 8.5 
(40 :t 2 DAE) 
Pod-filling 5 3.5 14.8 1.6 13.7 21.1 15.2 
(60 :t 2 DAE) 
Vegetative + 10 4.1 14.4 1.5 29.0 25.5 8.1 
flowering 
Vegetative + 10 4.0 12.2 1.7 20.0 25.6 4.8 
pod-mling 
Flowering + 10 4.5 11.0 2.2 13.3 26.3 3.8 
pod-mling 
Vegetative + 15 5.0 9.2 2.2 21.4 30.5 4.2 
flowering + 
pod-filling 
l. Amount of soil water available at emergence was assumed to be 20 em, and 5 em irrigation was given at each growtb stage considered 
in an irrigation schedule. 
2. DAE = days after emergence. 
Table 3. Simulated respoDlM! 01 total dry matter, seed yield, and ET 01 chickpea (cv Annilerl) to available soil ",ater 
(ASW) at emerlence on a Vertllolat ICRISAT Center, using cUm.tlc recorda Irom 1978 to 1981. 
Amount of ASW 
at emergence (cm) 
20 
15 
10 
Total dry matter Seed yield 
Mean CV Mean CV 
(t ha-I) (%) (t ha-I) (%) 
2.9 13.4 1.4 13.3 
1.6 24.9 0.9 19.7 
0.6 70.2 0.3 74.4 
predicted more accurately and the model applied to a 
larger number of genotypes and environments. 
Assimilate Allocation 
Mean 
(cm) 
16.4 
11.0 
6.3 
ET 
cv 
(%) 
10.9 
16.6 
34.0 
Roots 
Little is known about how the allocation of assimilates 
to different plant parts, translocation, and senescence 
are modulated by physical stresses and management. 
Careful studies are needed on growth and extension of 
the root system of chickpea as influenced by manage-
ment, environment, and soil characteristics. 
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Calibration and Testing 
The model needs to be calibrated and tested for differ-
ent genotypes and environments so that its use can be 
extended to different chickpea-growing areas. 
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Chickpea Ideotypes for Genetic Enhancement of Yield and 
Yield Stability in South Asia 
N.P. Saxena and C. Johansen l 
Abstract 
Despite intensive breeding efforts, there has been no significant enhancement of yield potential 
of chickpea in India over the last two decades at least. The harsh and variable environment 
where chickpea is grown. predominantly as a rainfed crop. complicates conventional breeding 
approaches using multi/ocational testing. as traits useful at one site may be detrimental at 
another. Thus an ideotype approach is recommended to increase yields in specifically defined 
environments. Constraints of the physical environment are described for chickpea in the major 
growing areas of South Asia. Functional traits to overcome these constraints are then proposed. 
For example, in drought-stressed environments, characteristics such as denser and longer root 
systems and smaller leaf size are considered advantageous. At higher latitudes, failure of 
conventional genotypes to set pods at low night temperatures is considered a major constraint 
and progress has been made in identifying a cold tolerance trait. Further research is needed 10 
establish causal relationships, determine negative associations. and understand the inheritance 
of putatively useful traits. 
Resume 
Ideot)'pes de pols ch/che pour l.meHor.tion genet/que du rendement et de I. sub/Hte du 
rendement en As/e du Sud: En depit d 'efforts intensifs de selection genetique, il n y a pas eu 
d'smelioration significative du potentiel de rendement du pois chiche en lnde de puis deux 
decennies au moins. L 'environnement difficile et variable or} I 'on culti ve Ie pois chiche, surtou t 
comme culture pluviale, compJique les methodes traditionnelles de selection qui utilisent des 
essais multilocaux, puisque des caracteres utiles A un endroit peuvent etre nuisibles A un autre. 
C'est ainsi qu 'une methode bask sur les ideotypes est n:commandk pour accroitre Ie rende-
ment dans des environnements spkifiquement definis. Des contraintes de l'environnement 
physique sont dec rites pour Ie pois chiche dans les principales zones de culture de l'Asie du 
Sud. Des caracteres fonctionnels pour surmonter res contraintes sont alOTS proposes. Par 
exemple, dans des environnements or} la slxheresse est une contrainte, des caracteristiques 
comme des systemes rscinaires plus denses et plus longs et des surfaces foliaires plus petites 
sont considerees comme avantageux. A plus hautes latitudes. /'impossibilite des genotypes 
conventionnels de former des gousses A de faibles temperatures nocturnes est consider&: 
comme une contrainte importante; des progres ont ete realises dana /'identification d'un 
caractere de tolerance au froid. Des recherches plus poussks sont nkessaires pour determiner 
les rapports causaux, pour determiner des associations negatives et pour comprendrt: l'bere.. 
dite de caracteres putativement utiles. 
1. Senior Crop Physiologist and Principal Aponomill. Lelumes Program, International Crops Rescan::h wlilUte for the Semi-Arid Tropics 
(ICRISAT), Patancheru. Andhra Pnldeah SOl 324. India. 
ICRISAT Confenmce Paper no. CP ~~8. 
CItaUoa: ICRISAT (International Crops Rescan::h lnllilUte for the Semi·Arid Tropics). 1990. Oaickpea in the Nineties; proceedinss of the 
Second International Workshop on Chickpea Improvement. 4-8 Dec 1989. ICRISAT Center. India. Patancheru, A.P. ~2 324. India: 
ICRISAT. 
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Significant genetic enhancement of yield potential (Y) 
by empiricallconventionaJ breeding approaches are 
well recognized for such major crops as wheat and rice. 
However. in South Asia no such progress has been 
recorded for Y in chickpea despite intensive breeding 
" efforts over the last two decades. Most improvements 
in yield and stability of recently released varieties can 
be attributed to incorporation of disease resistances. 
Genotype x environment interactions (G x E) are par-
ticularly large for chickpea and thus breeding programs 
have, understandably, given a high priority to increasing 
stability of yield by multilocational testing. Where 
environmental differences are large, as is the case for 
chickpea, we believe that a thorough understanding of 
environmental constraints is necessary for the successful 
progress of multilocational breeding programs. to in-
crease Y" in anyone environment, or to identify 
genotypes with improved yield stability across envi-
ronments. For example, a trait useful in one environ-
ment may be detrimental in another environment, and 
development of apparently stable genotypes may be an 
averaging process whereby the new genotypes may not 
Table 1. Major abiodc COIDtraiDts and their effects In contrutina chickpea aroma environments In South Asia. 
Constraint 
Droupt 
Temperature 
Heat 
(>3()O-3soq 
Lipt 
Nutrition 
N (Nl fixn) 
P 
Fe 
Toxicities 
Salinity 
Parameter 
affected 
Plant stand 
Biomass 
Harvest index 
Crop duration 
Plant stand 
Biomass 
Seed-filling 
period 
Pod set 
Late sowing 
Emergence 
Biomass 
Efficiency of 
interception 
for: 
Ceiling 
biomass 
Pod set 
Biomass and 
yield 
Biomass and 
yield 
Biomass and 
yield 
Plant stand 
and growth 
I. I = not an important CODitraint. 
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Warm winter Cold winter 
Rainfed 
Poor 
Small 
Very high 
Short 
Poor 
Small 
Short 
1 
Intercep-
tion too 
low 
I 
Well-
watered 
}I 
Sub-optimum 
High 
Medium 
Sub-optimum 
Short 
J 
I 
Intercep-
tion too 
high 
Shading 
Rainfed 
Poor 
Sub-optimum 
Low 
Long 
Poor 
Sub-optimum 
Short 
Delayed 
Delayed 
Small 
lntercep-
tion low 
to high 
Possible 
shading 
Losses measurable in all environments 
Losses measurable in all environments 
30-40% Joss to total crop failure 
Well-
watered 
Excessive 
Very low 
Very long 
Excessive 
Short 
Delayed 
Delayed 
Relatively 
small 
Intercep-
tion too 
hip 
Large 
shading 
Usually not a limitation Significant limitation 
Table 1. Constraints and opportunities in exploitinl functional traits in chickpea gennplasm for constructinl ideotypes. 
Extent of Knowledge of Expected 
useful nature of Ease of yield 
Constraining variability inherit- screen- increase 
factor Opportunity Trait in germplasm' anee l ing' (%) 
Drought Improvement of plant stand Germination and emergence from 2 50 
suboptimal seedbed moisture 
Maximum exploitation Dense and long roots 2 2 3 30->50 
of available soil water 
Large and greater number of xylem 3 
vessels 
Greater water economy Smaller (fewer pinnules) leaf size 2 3 30->50 
Stomatal regulation of transpiration 
Matching seedftlling Large seed or twin pods at basal nodes 3 3 3 SO 
to favorable thermall 
moisture regimes 
Osmotic adjustment 
Temperature 
Heat Enable early sowing, good Germination and emergence at high SO 
plant stands and extending temperatures 
growth duration. 
Increasing biomass Early growth vigor and greater dry 3 20 
matter addition in preterminal stages 
Cold Overcoming failure of pod set. Pod set at low night temperatures 3 3 30 
increasing harvest index 
and possibly yield 
Increase of biomass production Rapid emergence and early growth 3 >SO 
with late .owing vigor 
Ught Reduce mutual shading Small leaf size J 2 3 20-30 
Erect branched canopies 2 2 3 20-30 
Reflect excessive light Multipinnate. I 2 3 20 
and reduce heat load chrysanthemum-like leaves 
co ContiDued w 
carry any improved traits as compared with well-
I:gM- 8 adapted landraces in a particular environment. ~ ~ - We suggest that an ideotype approach may be of .~ G ~ A I< c:: cd, ~ cd, particular help to a breeding program where both E and ~ .... 00 
G x E effects are large. Ideotypes have traditionally 
been considered only in tenns of morphological char-
... , acters but we prefer to define functional ideotypes, 
o c::_ describing also particular physiological responses to J !.r M the constraining factors. The major steps in this ideo-
type approach are: 
... 
thorough definition of the target environment 0 • iL '0 ' and identification and quantification ofthe con-] ~'1:"8 ~ ~ ~ 1ii straints thereof; 
~ • conceptualization, identification and testing of traits likely to overcome particular constraints; 
and 
... >. e • genetic incorporation of these into adapted and ~~S~ acceptable agronomic backgrounds, and exten-
c:: ... i Co 0 sive validation within the defined target envi-! ~'5 ~ ~ > ronment. 
.9 
>. 
In this paper we summarize our experience of ideo-
... type development in South Asia. using two specified '> ~ target environments for chickpea - cold winter, as c:: 
= ..2 ii' represented by Hisar (290 N) in northern India, and 
u 0 
..c:- u c:: wann winter. as at ICR ISA T Center, Patancheru (18" tII)::S ~ ..... :.a '8 u 0 ... ~ N) in peninsular India. ~ c:: Co c:: 
C"O ::s ... II The major abiotic constraints of the target environ-Co .g c:: ~ ::s 
... co 
..... ..... t ments with which we are concerned are summarized in ~ >. 0 0 c ::s ... ~ >. .g 0 '8 '> 0 ... DO Table I. This clearly indicates the need for specific 0 .:'~ ~ c ~ c ::s 10 
.- 0 .- 0 
'8 ...., ideotypes for given target environments . ;~ 
o ._ o ._ y SiU l;:: ... .. Our current understanding of the opportunities for ..... co Co <'II U .!::j U .!::j ... 
'u c .., " .... := .. ~ ~ '8 overcoming. partially or completely, some of these ~~ u ... u ... ... iU ::s iU ::s e e . iii o .. e"O u"O 0 II constraints. functional traits required, extent of vari-.. ~'a e,:) fa .. c ~ f0- e,:) co N ability in gennplasm, knowledge of nature of inheri-
'B 
... tance of a trait, and expected yield increases due to its 
'e 
:.::I incorporation are listed in Table 2. Many of the 
., 
... functional traits listed are a description of unique fea-c:: 
.!i .~ 
"0 tures associated with an adapted genotype in a given 0 .s;, 
l;:: fa '60 target environment. Infonnation on establishing a ... >. ~ u § .~ .. ~ causal relationship between a functional trait and a 
.!: ~ 
.: -ij 10 
... !! ::s 0 physiological process is usually lacking, and this de-~ OIl .., ~'8 ~ 
>. 
..c: ::s! ..2 ~ ~ " serves greater attention in the future. Fruitful utiliza-..... .c ... .~ "0 ~ 
'§ 0 u til) til) tion of these traits largely depends upon a critical c .~ ..-i 
t: o .., ~ '>' .5.5 I evaluation of the trait with regard to negative associa-._ 0 "0 "0 l{j 0 &. 1i:E e '0 c u .... ~ .. 0 tions, such as, undesirable pleiotropic effects, allom-1 ~ - e ~ > I< 0 1 ~~ - < loLl .5 etric constraints, compensation effects the trait is likely 
.g 
<'II to exert. and the non-anticipated physiological changes g til) c:: 0 0 :~ 1 the introgressed gene may cause in the adapted agro-toi !l nomic backgrounds. For example: long, dense and c:: >. ~ ... ~ i ~ . ~ ~ 'c thick roots; small leaf size; and cold tolerance (pod set 8] ;Z ~ fool ;z: C-" ....: at low night temperatures) may be associated with 
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some suspected or unknown undesirable effects which 
may negate the benefit and thus limit the utilization of 
an otherwise useful trait. 
Very often a desired variability in gennplasm is 
found to be associated with a poor agronomic and 
genetic background. Proper evaluation of such traits is 
possible only when the desired genes are carried into an 
acceptable background. In such efforts crop physiolo-
gists and breeders need to closely collaborate in the 
transfer and evaluation of desired traits. for example. in 
the production of near-isogenic lines. 
Ideotypes are not fixed targets and differ not only 
from one location to another but at a given location 
depending upon new cropping systems that may evolve. 
Late sowing of chickpea to fit in a rotation with rice. or 
early sowing of chickpea to follow immediately after 
the rainy season are examples of unconventional crop-
ping systems where ideotype development for chick-
pea could be advantageous. 
We believe that some of the components of ideo-
types described in Table 2 may also be useful in other 
environments similar to the ones we describe, such as 
spring sowing in Wesl Asia (warm winter, rainfed) and 
in Pakistan (cold wimer, rainfed). 
Space limitations preclude the citation of supporting 
references for the proposals summarized here. How-
ever, they will be given later in a full publication by the 
authors. 
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Chickpea Ideotypes for Mediterranean Environments 
R.H. Sedgley·, K.H.M. Siddiquel, and G.H. Walton2 
Abstract 
Chickpea ideotypes for Mediterranean environments must take into account the stress environ-
ment, i.e., the stresses associated with the soil factors/climatic regimes. and the competitionfrom 
the environment in terms of the method of cultivation, i.e., sowing density and spacing at high-
or low-density cultivation. 
Mediterranean environments cover a wide range of conditions. and a number of different 
ideotypes may need to be defined. The major characteristic of a Mediterranean climate is a cool 
wet winter followed by rapid warming in spring, culminating in terminal drought. 
Major differences between environments result from the intensity of the winter period. which 
may be severe. as in parts of Syria with prolonged periods of wet, cold conditions, and 
sometimes snow, and the danger of occurrence of epiphytotics, e.g., ascochyta blight, or mild 
conditions. as in parts of southwestern Australia, with monthly mean minimum temperatures of 
about 5"C and short rainy periods interspersed with clear dry conditions. which are less 
conducive to foliar diseases. 
The generally rapid onset of spring drought dictates thaI early pod set be a prime strategy for 
avoiding drought stress. However. chickpea appears to require fairly high mean daily tempera-
tures (above l5"C) for successful pod set of early flowers, and so in addition to early flowering, 
tolerance to sub-optimal spring temperatures is required. 
Under high input systems. with good weed control, a communal type plant of erect habit with 
few branches. sown at high density, should lead to a slower rale of moisture depletion in the 
winter. and result in higher biological yields and harvest indices. 
Rhume 
IdbJIyJJeS de pols ehJeIIe pour des env/rOlUJelJlBlB llI«lJteITlllJkns: Les ideotypes de pois 
chiche pour environnements mediterraneens doivent tenir compte de l'environnement de 
stress, c'est-A-dire des contraintes associees avec Jes facteurs du soJ/regimes climatiques, ainai 
que de la concurrence de 1 'en vironnement en termes de la methode de culture, c'est-A-<lire la 
densite des semis et J'espacement dans Ja culture A forte ou A faible densite. 
Les environnements m6diterraneens couvrent une vaste gamme de conditions et la defini-
tion d 'un certain nombre d 'ideotypes differents pourrait etre necessaire. La principaie caracte-
ristique d'un climat m6diterraneen est un hiver humide et frais, suivi par un rechauffement 
rapide au printemps, s 'achevant d 'une secheresse terminaie. 
Les principales differences entre environnements resultent de l'intensite de I 71ivemage, qw 
peut ~tre dur, comme dans certaines parties de Ja Syrie, avec soit de longues ¢riodes de temps 
humide et froid et parfois de neige, accompagnees du dangerd'apparition'd'epiphytotiques 
(fletrissure ascochytique) ou de conditions de temps plus doux, comme dans certaines parties 
de l~ ustralie du sud-ouest, avec des temperatures moyennes minimales mensuelles de pres de 
jOe et de breves ¢riodes de pluie intercalees avec des conditions cJain:s et seches, qui 
predisposent moins aux maladies foJiaires. 
I. Senior I..ecturer, AJrDnOmy Department. School of Agricultun:. University of Western Australia. Nedlands. WA 6009. Australia. 
2. Crop Physiologist, and Research Officer. Division of Plant Industries. Department of Agriculture, Baron-Hay Court. South Perth. W A 
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Le debut generalement rapide de la skheresse du printemps impose Ie choix dune forma-
tion pr6coce de gousses comme strategie primordiale pour eviter Ie stress hydrique. Toutefois, 
Ie pois chiche semble exiger des temperatures quotidiennes moyennes assez elevees (au-dessus 
de lSOC) pour reussir la formation de gousses A partir des fleurs precoces. Done, outre la 
floraison precoCt:, il est n6cessaire d'avoir une tolerance aux temperatures sub-optimales du 
printemps. 
Dans les systemes A intrants imponants, soutenu par une lutte efflcace contre les adventices, 
un type communal de plante A port erige avec peu de branches, seme A forte densite, devrait 
permettre un taux moins cleve de pene d'humidite en hiver et devrait fournir des rendements 
biologiques et des indices de recoltes plus cleves. 
Recent moves to improve the yield potential of crops 
such as chickpea (Cicer arielinum L.). have given fresh 
impetus to the approach of Donald (] 968) involving the 
"breeding of model plants or ideotypes". Here, we 
analyse and discuss ideotype characters for Mediterra-
nean-type environments, as exemplified at two loca-
tions: Tel Hadya (35" 55'N) (Aleppo) in Syria, and 
Merredin (31" 29'S) in southwestern Australia. 
Chickpeas have long been adapted to the Syrian 
region, but have been evaluated only recenrly in south-
western Australia. where they are well adapted. but 
low-yielding, relative to other crops (Siddique and 
Sedgley 1986; Walton and Trenr 1988). 
Climate 
The growing season at Merredin is 8 weeks shoner and 
generally milder and drier than that for winter-sown 
chickpeas in Aleppo. (Siddique and Sedgley 1987; 
Cooper et al. 1988). 
Growing season temperatures average 2"C higher at 
Merredin than Aleppo. Winter-sown (15 November) 
kabuli chickpea required 1 396"C days (base tempera-
ture of OOC) to flower by the second week of April in 
Aleppo, when mean temperatures are relatively low at 
f2"C (Keatinge and Cooper 1983). For J June sowings 
at Merredin, the same thermal time would accumulate 
by the end of August (mean temperature of 15°C). 
leaving 6 weeks for maturation, but with less soil water 
stored than at Tel Hadya. 
High humidity in early spring in Aleppo, associated 
with a high incidence of ascochyta blight, led farmers 
to adopt spring sowing to mitigate disastrous crop 
losses, with sacrifices of seed yield and water use 
efficiency (WUE) because of higher soil evaporation 
(E) and evaporative demand . 
• 
WUE is largely determined by three parameters 
(Sedgley 1987): E.(mm of water), transpiration effi-
ciency (TE: kg dry matter m·2, mm-· water transpired); 
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and harvest index (HI = ratio of grain yield to biological 
yield). HI is the most sensitive of these to manipulation 
by genetic means, and should therefore be the target of 
ideotype breeding for higher WUE. 
According to Siddique and Sedgley (1985. 1987) 
late sowing reduced the WUE of grain yield in 1982 at 
Merredin (Table 1) due mainly to the extra 25 mm E,; 
HI was unaffected. For early-sown chickpea in 1983. 
high biological yield resu Ited from rapid developmenr, 
due to warmer conditions (2.2"C higher than monthly 
mean temperature) in June: in the late sown crop, 
excessive E, and lower TE reduced biological yield. 
However, a 38% lower HI in the early sown crop 
largely cancelled out the benefit of early sowing: early 
flowering in mid-August and subsequent flower abor-
tion reduced HI and hence seed yield. In a test of 
limited branching (Table 1), some water was saved in 
the more erect biculm. but most of the increase in WUE 
was due to the higher HI. 
Ideotypes 
Donald (1968) defined an ideotype as "a biological 
model which is expected to perfonn or behave in a 
predictable manner within a defined environment. More 
specifically, a crop ideotype is a plant model that is 
expected to yield a greater quantity or quality of grain, 
oil, or other useful product when developed as a culti-
var". Donald's general ideotype can be resolved into 
three components (Sedgley 1990): a market ideotype, 
which identifies the characteristics of the desired prod-
uct, e.g., cooking quality of the seed; a stress ideotype. 
which identifies the characters required to fit the plant 
to its target environment, e.g., phenology; and the 
competition ideotype, which identifies the "communal" 
characters required to enhance seed yield by minimiz-
ing negative effects of natural selection, through plant 
competition on seed yield. These effects arise in the 
normal course of early generation selection from widely 
Table I. meet oIlOwinl date and debra.udalnl OR water 11M eftIdeaey (WUE) 01 dI.Iek .... at MerncIIa, W .... 
AUItraUa. 
Water Soil Dry WUEof Grain WUEof 
use evaporation matter dry matter yield Harvett &rain 
Treatment (mm) (mm) (t ba- I) (kg ba- I mm- I ) (t ba-I ) index (ta ba-I mm-I ) 
Sowing date 
II May 1982' 213 lOS 4.94 23.0 1.46 0.29 6.8 
(Early) 
30 Jun 1982 227 130 3.84 17.0 1.11 0.29 4.9 
(Late) 
17 May 1983 191 70 6.76 3S.2 1.2S 0.18 6.S 
(Early) 
20 Jul 1983 182 110 3.22 17.7 0.94 0.29 S.2 
(Late) 
Debrancbing 
ControI2 198 87 6.10 31 1.S4 0.2S 7.8 
Debrancbed 198 80 6.47 33 2.22 0.34 11.2 
I. Sowin. date experiment. Siddique and Sedgley (1987). 
2. Siddique and Sed&ley (1985); plant denaity 10 m-1; primary branches: 2BO m-1 in control. 140 m-1 in biculm (two branches, i.e., main 
stem and branch 1). In the debranching treatment all baaal branches elLcopt the main .tem and fmt-formed baaaJ brancb were cut off 
when they were 3-4 em 100,. 
spaced sowings and mixed and segregating popula-
tions used by plant breeders. 
The Competition Ideotype 
Donald (1968), working with cereals, proposed a 
"communal" plant fonn which included the characters 
of limited tillering. erect habit and short stature. to 
ensure that high-yielding morphological characters were 
not lost inadvertently in early generations and to obtain 
maximum biological yields in high density pure stands. 
Plants are nonnally selected from mixed or segregating 
populations. under widely spaced conditions. in early 
generations because of the small amounts of seed 
available for new genotypes. Donald found that char-
acters that conferred high competitive ability and high 
seed yield on individual plants. e.g., tallness or multiple 
tillering. in these populations. were negatively corre-
lated with yield, when grown in pure stands, as in 
commercial practice. Hence plants with the optimal 
fonn for high-yielding crops. were likely to be dis-
carded in early generations. The characters of the 
communal plant are not site-specific and were thought 
to apply generally to annual seed crops (Donald and 
Hamblin 1983). For chickpea they would include: 
limited branching and erect habit. moderate height. 
high photosynthetic capacity, and erect leaf posture. 
Limited branching. Donald (1968) argued that plant 
neighbors should interfere minimally with each other. 
i.e .. they should be weak competitors. But since alJ 
plants are genetically similar in crop stands. they should 
all be weak competitors. Ideally this leads to stands of 
uniculm or biculm plants. sown in nearly square plant-
ing patterns, and at densities high enough to utilize their 
low competitiveness to fully exploit the environment 
and so maximize biological yields. 
Siddique el al. (1984) found that at low (23 plants 
m- 2) densities, plants grew as isolated units for most of 
their early life and interfered less with each other than 
at the higher (50 plants m-2) density; each branch was 
relatively more efficient in producing grain at low 
rather than at high density, and HI was fairly uniform 
among branches: 
Harvest index 
Density Main Branch Branch Branch Whole 
stem I 2 3 plant 
Low 0.41 0.32 0.37 0.32 0.36 
High 0.44 0.19 0.21 0.10 0.28 
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Plants at high density exploited their environment 
more than at the low density, as indicated by a higher 
biological yield, i.e., hilher seed yield potential; greater 
interference between branches resulted in a steep de-
cline in HI of later branches and a lower overall HI, and 
a lower yield. 
Intra-plant competition was reduced in the debran-
ciled treatment (Table I), even though plant density 
was the same as in the control. The primary branch 
density was 140 VI 280, but the fonner density was still 
sufficient to fully exploit the environment and so 
maximize biololical yield. In the debranched treat-
ment, representinl the more communal type plant, 
yield increased by 39%. 
Erect habit. In Syria, Keatinle and Cooper (1984) 
compared low and hi,h density IOwin,s of an erect line 
(n..C 72) with one of traditional spreading habit (ILC 
482). Biological yield of the high density erect line 
averaged 17% more than that of the spreading line, 
indicating a higher yield potential at high density. 
WUE of grain production was 39% lower in ILC 72, but 
this was due to the lower HI. However, this can be 
attributed to later flowering (2 weeks) in the erect line, 
and so there seem to be ,ood prospects for higher WUE 
in earlier-flowering erect lines. 
The Stress ldeotype 
Stress ideotypes are site-specific and should be chosen 
to alleviate the constraints that prevent "communal" 
plants, grown at high density, from reaching their 
potential. The limited wet season and terminal drought 
stress in Mediten-anean climates dictate early flower-
ing, whereas the varying intensity of low winter tem-
peratures may require different levels of vernalization 
and low temperature winter hanlineu (Murray et al. 
1988). 
Telenace to .. ...,..... pre-floweriaa tetDpera-
tures. Low-temperature stress results in abonion of 
early flowers and pods that develop at temperatures 
below 1 sac. Savithri et al. (1980) identified genetic 
variation in the response of early flowers to sub-opti-
mal temperatures. At Merredin in 1983, only 38% of 
flowers formed pods in the earliest sowing, which 
started flowering at temperatura of 120C compared 10 
83C1 in the latest sowins. which started fIowerin. at 
lSCC (Sicldiqucand Seqley 1986). 1belowHlof0.18 
in sowing dade 17 May (Table 1) was aI1ributed to dle 
effect of low temperature on early flowers, and asaum-
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ing a potential HI of 0.29, comparable to later treat-
ments; the estimated yield loss was 57%. 
Saxena et al. (1988) reported potentially useful low-
temperature tolerant material at ICRISAT. Savithri et 
al. (1980) showed that pollen tube development was 
important in causing early flower abortion. This raises 
the possibility of applying pollen manipulation tech-
niques (Zamir 1983) as a means of increasing the 
efficiency of breeding programs for cold tolerance. 
Conclusion 
An ideotype with promise for winter sowing in Medi-
terranean-type environments would combine early 
flowering and tolerance to suboptimal preflowering 
temperatures with an erect, limited branching habit, 
when sown as square as feasible at high density. 
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Diagnosis and alleviation of mineral nutrient constraints in 
chickpea 
I.P.s. Ablawatl 
This paper deals with various methods of diagnosis of mineral nutrient constraints and their 
alleviation in chickpea. Different criteria such as visible foliar symptoms, nutrient ratios. critical 
and toxic nutrient concentrations with associated physiological and biochemical processes have 
been documented. Under water stress chickpea showed differential response to nutrients like 
iron, zinc. manganese, etc. Some nutrient elements such as sodium and calcium caused toxic 
effects on growth, yield. and chemical composition 0/ chickpea. Significant and economic 
responses to major nutrients and their sources and methods 0/ application under varying 
agrociimatic conditions resulting in highLr yields of chickpea have been presented. Besides. 
application of micronutrients with appropriate sources and methods has also been documented. 
Resume 
DI.",OIItic ~t lJlJe,~mMt des contrailltes ~n e/em~na nlltl'ltJl. mJneraaI clJez I~ pols dJlcb~ : 
eet article traite de diverses methodes de diagnostic des contraintes en elements nutritifs 
minersux chez Ie pois chiche ainsi que de leur allegement. Lea diffen:nts criteres tels les 
sympttSmes foliaires visibles, proportions de substances nutritives, les concentrlltions critiques 
et toxiques des elements nutritifs avec les pr0Ct:S8us physioJogiques et biochimiques IISBocies 
sont detailles. Sous Ie stress hydrique, Ie pois chiche montn: une reponSt: diUen:ntielle IIUX 
elements tels Ie fer, Ie zinc, Ie manganese, etc. D'sutn:s elements comme Ie sodium et Ie CIIlcium 
provoquent des elfets toxiques sur Is croiaaance, Ie n:ndement, et III composition chimique du 
pois chiche. Des reponses economiques et significstives IIUX princiPllux eJ6ments nutritifs, 
ainsi que les sources et les methodes d'spplicstion de ceux-ci dans diverses conditions sgrocli-
mstiques permettant des rendements eleves de pois chiche sont egalement presentees. En 
outn:, l'applicstion des oligo-elements avec les sources et les methodes IIppropriks sont 
detsillees. 
Chickpea cultivation is mainly confined to marginal 
lands. usually deficient in one or more nutrients. In 
India. chickpea is grown on a variety of soils, ranging 
from coarse~textured sandy soils to heavy clay soils. 
The crop is seldom fertilized and hence often suffers 
from deficiency of one or more nutrients. Until the 
1960s, the emphasis was on the supply of macronutri~ 
ents only. but continuous cropping has resulted in the 
removal of large amounts of secondary and micronutri-
ents. The response to mineral nutrients largely depends 
on various soil and environmental factors. Different 
criteria have been proposed to diagnose the nutrient 
I. Senior Scientilt (Leaumes). Division of Aponomy.lndian Apicultural Reaearcb InItitute. New Delhi 110012. India. 
CItatIoa: ICRISAT (1nlel'lWionaJ Crops Research lnItitute for the Semi-Arid Tropics). 1990. OUckpea in the NiDedeI: proceodillJl of the 
Second Intemational Worbhop on Chickpea Improvement, 4-8 Dec 1989. lCRISAT Center, India. Patancberu. A.P. 502 324. 1Bdia: 
ICRISAT. 
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disorders in crop plants. Here an attempt has been 
made to present infonnation obtained on the diagnosis 
and response to various mineral nutrients in chickpea. 
Diagnosis of Mineral Nutrient Constraints 
Soil testing is a common tool used to judge the mineral 
status of the soil and to decide critical nutrient concen-
trations. The critical level of available zinc (Zn) for 
example is 0.48 mg kg-I soil. In Entisols and Alfisols 
the critical limit of Zn for chickpea is 0.35 ppm (Katyal 
1985). In Alluvial soils. this limit was found to be 0.66-
0.89 ppm (Singh et al. 1987). 
Foliar disorders. the first indication of nutrient defi-
ciency, have many limitations for practical use. For 
example. nitrogen (N) and molybdenum (Mo) defi-
ciencies show almost identical symptoms in chickpea. 
Similarly, phosphorus (P) deficiency symptoms are 
identical to aluminium (AI) toxicity symptoms. 
The deficiency symptoms for N. P. potassium (K). 
and magnesium (Mg) appear initially in the older 
leaves. whereas those of sulfur (S). copper (Cu). Zn. 
and Mo occur mainly in young tissues. Toxicity 
symptoms generally appear in older leaves. because of 
their tendency to accumulate elements. The foliar 
disorders of chickpea are given in Table I. 
Table 1. FoUar .ymptolDl of mineral nutrient dltorden in chickpea. 
Mineral 
nutrient Symptoms 
Nitrogen Chlorosis first on older leaves, pink pigmentation on stems, and in a diffuse pattern on the upper 
surfaces of older leaves. 
Phosphorus Dark green foliage, red-purple pigmentation on stem and upper surface of leaflets of the lower leaves. 
Leaflets later become yellow-green or buff-green. 
Potassium Chlorosis of margins and tips of older leaves, reddish pigmentation on leaflets. Necrosis developing 
first on the tips of leaflets, and later covering the whole leaflet turning it light brown in color. 
Calcium Development of rachis and leaflets of young expanding leaves arrested, growing tip of rachis, and 
tips of unexpanded leaflets tum brown. Necrosis of leaflets. Death of growing points enhances 
axillary bud development. Older plant parts remain dark green. 
Magnesium Young and middle-aged leaves initially show light green chlorosis, which becomes more severe on the 
distal half of the leaflets of fully expanded leaves. Necrosis of the leaflet tips or margins in severe 
deficiency . 
Sulfur Chlorosis first appearing on younger leaves, extending over the entire plant 10 severely deficient 
plants. Red anthocyanin pigmentation on stems. 
Copper Leaflet size of top 3-4 leaves on each stem reduced, leaflets remain tightly folded inwards along the 
midrib. Fewer leaflets per leaf produced on the young leaves. Development of the terminal growing 
point retarded. 
Zinc Chlorosis of younger leaves, red-brown pigmentation on the margins of upper surfaces of leaflets, and 
lower portions of the stems. Stunted plant growth. Stipules of younger leaves become chlorotic. 
Manganese Chlorosis and necrosis of leaflets and stipules of young expanded leaves, top leaves turn pale-green 
in color, brown necrotic patches formed on leaflets except those around the leaf base and midrib. In 
toxicity, diffuse red-brown pigmentation develops on stem. 
Iron Chlorosis fmt on the terminal 3-4 leaves of each stem. White light straw-colored necrotic patches 
develop on the distal half of leaflets and stipules of young leaves. 
Boron Yellowing and bronzing on the tip and margins of leaflets of young fully expanded leaves. Axillary 
buds develop giving the plant a witches broom appearance due to the death of growing tip. 
Toxicity results in chlorosis of tips and serrated margins of leaflets, and tips of stipules on lower 
leaves. Necrosis later develops in chlorotic lones. 
Molybdenum Plants show chlorosis similar to that of nitrogen deficiency. 
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Plant analysis is the most reliable diagnostic method 
for identifying nutrient disorders. However, the age of 
the plant, the part analysed, and the environmental 
conditions need to be considered while interpreting 
plant analysis data. The critical nutrient concentration 
is not a single value but a range above which the plant 
is nutrient-sufficient and below which the plant is 
deficient (Fig. I). 
Katyal (1985) and Reuter(1986), have identified the 
nutrient concentrations in chickpea ranging from defi-
cient to toxic (Table 2). These show variations due to 
genotype, growth stage, and environmental factors. 
The infonnation on chickpea. however, is meagre. 
Cultivar differences to iron (Fe) deficiency are known 
(Singh et al. 1986). Iron-deficient cultivars (Table 3) 
accumulate less Fe++ possibly because of lower redox 
potential to oxidize Fe++ to Fe+-. Fe-susceptible cul-
tivars showed no chlorosis on soils with 65% CaCOJ• 
Potash application delayed the onset of chlorosis (Hamze 
et a1. 1987) (Table 4). 
Nutrients do interact in the plant system. For ex-
ample, interactions between Cu and N, and S and N are 
Adequate: 
Excessive: may Dot 
show toxicity symptoms 
Deficient: Marginal: defined experimentally 1\"' ___ _ 
visible symptoms no or derived from field ( Toxic: showing 
of deficiency symptoms observations High symptoms 
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Table 2. NatrleDt eoaceatratioa iD ddckpea pIaDt. 
Growth 
Nutrient Itqe Plant paru Deftcient Critical Adequate High Toxic 
N(%) Vel· Whole shoot 2.3 
P(%) Vel- Whole shoot 0.24 >0.75 
45 DAS Whole shoot I 0.09-0.25 0.29-0.33 
77DAS Whole Ihoot I 0.15-0.20 >0.26 
S(%) Vel· Whole shoot 0.15 
Cl(%) Vea· Whole shoot >1.6 
Cu (ma kg-I) Vea· Whole shoot <4.0 4-35 >35 
Zn (ml kr') Vel· Whole shoot 12-500 >510 
40DAS Whole shoot I 30 
Mn (mg krl) Vea· Whole shoot <20 >520 
77DAS Whole shoot >120 
8 (mg q-I) Vel· Whole shoot <10 40 >235 
Mo (m. krl) Vel· Whole shoot <0.1 
1. Valuea obtained from soil culture. 
Soun:e: Katyall98S; Reuter 1986. 
Table 3. CODceatratioD olDutrteats iD Ibootl 01 cbkkpea II'O"D OD Endlols, Rajendn Apicultunl UDinnity, Bihar, 
poItraIay IeaIOD 1914/85. 
Genotypes and 
their reactions 
to iron chlorosis 
Tolerant 
Dh G 82-1 
Dh G 82-9 
Susceptible 
Dh G 82-16 
Highly 
susceptible 
Dh G 81-3 
Correlation with 
shoot mass (r) 
• Sipifacaut at S% level of probability 
Soun:e: Siqb et aI. 1986. 
Ca 
(I kr') 
1.9 
1.6 
2.9 
3.1 
-0.887 
Nutrient concentration 
Na K Fe++ 
(g kg-I) (g kg-I) (mg kg-I) 
0.7 2.9 155 
0.7 3.1 161 
0.5 3.0 121 
1.3 3.4 91 
-0.790 -0.850 
Table ... MJaaoaI conteDt iD cblc.kpea puGt,..,.. witb aDd wItbout Fe-EDORA OD calcareo .. IOU, Beirut, Lebanon. 
Ca MI Ie. P Fe+++ Fe++ 
TreatmeDt (%) (%) (%) (%) (ppm) (ppm) 
Susceptible ICCL 81192 
+ Fe-EDDHA 1.42 0.28 2.4 0.58 75 28 
Control 2.83 0.83 4.2 0.64 50 14 
Resistant ICL 263 
+ Fe-EDDHA 1.49 0.26 2.6 0.66 82 36 
Control 1.70 0.33 2.1 0.53 101 28 
Source: HIIDIIe It aI. 1987. 
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known. Similarly exchangeable sodium (Na) increases 
Na and Fe concentration and decreases Ca, N, K, Mg. 
Zn, and Mn concentrations (Singh and Abrol 1987). 
Such nutrient disorder resulted in 50% decrease in 
yield in chickpea. 
Chickpea Response to Mineral Nutrients 
Macronutrients 
Chickpea responds favorably to low rates of 15~20 kg 
N ha-
' 
in N -deficient soils (Singh and Khangarot 1987; 
Thakur et al. J 989). Substantial increases in yield 
ranging from 20 to 40%. have been obtained with) 0-
20 kg N ha- I . 
Generally the responses to applied P in chickpea in 
the range of 40-60 kg P20~ ha" have been positive 
(Table 5) (Ahlawat 1986; Thakur et al. 1989). The 
effects of P are usual! y more pronounced when applied 
inconjunctionwithstarterN,Rhizobium(Pa] 1986), or 
irrigation (Dev et al. 1987). Placement of P 3~5 cm 
below the soil surface and a foliar spray of 0.1 % P10 S' 
showed better results than broadcast application. In a 
pulse-pulse sequence, single superphosphate as a source 
of P applied to rainy-season pulses gave greater re-
sponse in a succeeding chickpea crop than Mussoorie 
rock phosphate (Daftardar et al. 1988). 
The responses to K are generally small and seldom 
significant. Increases in grain yields ofthe order of 18-
20% have been obtained with 20~6O kg K 20 ha'\ under 
Indian and Pakistani conditions (Thakur et al. 1989; 
Harnidullah et a1. 1989). 
Secondary Nutrients 
Information in this area is scanty. Based on two 
studies, 80 kg S ha·1 gave a 38% increase in grain yield 
with a response of 7.6 kg grain for each kg of applied 
S (Tandon 1986). The superiority of single super-
phosphate as a source of P may also be assigned to its 
S (12%) and Ca (29%) contents. 
Micronutrients 
Zinc. Zinc deficiency in chickpea plants depresses 
the activity of glutamic dehydrogenase and carbonic 
anhydrase. Katyal (1985) reported a response to Zn 
application of more than I t ha" in one third of the 
experiments conducted in farmers' fields. In pot cul-
ture studies, Singh and Gupta (1986) and Singh and 
Badhoria (1986) obtained marked increases in yields 
and improved root growth and nodulation with 5 mg Zn 
kg" soil. Higher dry matter production and uptake of 
Zn, P. and Fe were recorded with Zn applied at 5 kg ha' 
I in greenhouse studies (Dravid and Goswarni 1987). 
Thakur et aL (1989) obtained a 16% increase in grain 
yield of chickpea with 25 kg ZnS04 ha" over the rec-
ommended dose ofN PK. Chickpea cultivars, H 208, H 
355, Pusa 43, L 144, and L 345 were zinc efficient and 
least susceptible to zinc deficiency when compared 
with other cultivars tested. 
Manganese (Mn). Chickpea plants deficient in Mn 
may accumulate p. Cu, Mo, and NO'3 in the tissues. 
Table 5. Effect of pbospborus on cbickpea yields (t ba-I ) at vario_locadoaa. 
Added New Delhi Raburi' Indore NWF 
P20 5 India India India Pakistan 
(kg ha-') 1985/86 1984/85 1983/85 1982/84 
o 1.3 1.0 1.2 0.4 
20 1.1 
40 1.7 1.2 
46 1.4 
50 I.l 
1. Mean of 24 triaJa. 
Source: Ahlawat 1986; Joshi et aI. 1988; 
Thakur et aI. 1989; Hamidullab et aI. 1989. 
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Kalbhor et al. (1988) observed improved nodulation 
and dry matter yields with increasing levels of MnS04 
from 0 to 20 kg ha" on a clay loam soil with 16.3 ppm 
Mn. Manganese sulfate is the most common and best 
source of Mn. The optimum rate may range from 
10-25 kg MnS04 ha" as a soil application and 1-2.5 kg 
ha" as a foliar spray. Foliar spray, in general, proved 
superior. 
Iron. Chickpea genotypes differ in their suscepti-
bility to Fe chlorosis under iron stress owing to their 
differential enzyme activities (Hamze et al. 1987). 
Mehrotra et al. ( 1987) observed that seeds of chickpea 
genotypes with higher Fe content were less susceptible 
to Fe chlorosis. The effect of Fe was more pronounced 
in the presence of Zn (Dravid and Goswami 1987). In 
Kamataka (India), one spray of 2% ferrous sulfate 
solution 30 days after sowing was effective and increased 
the chickpea yields on calcareous soil (Penn and 
Mithyantha 1985). 
Boron (B). Sakal et al. (1988) obtained increased 
yields with increasing levels of B from 0 to 2.5 kg B ha' 
I, but rates higher than 2.5 kg ha" caused reduction in 
yield. Fruiting was most adversely affected in B-
deficient plants. In general, soil application of 1-2.5 kg 
B ha" or foHar application of 0.25 kg B ha" is adequate 
to mitigate B deficiency in chickpea. 
Copper. In calcareous and in acid soils, as well as 
in saline and sodic soils, the availability of Cu is 
adversely affected. Coarse-textured soils are more 
likely to be deficient in Cu. Perur and Mithyantha 
(1985) recommended 5-10 kg CuS04 ha" for chickpeas 
in Cu-deficient areas of Karnataka (India). Copper 
sulfate is the most common source. The rate ofCuS04 
is 5-10 kg ha" as a soil application and 0.5-1.0 kg ha" 
as a foliar spray. 
Molybdenum. The availability ofMo in soils with 
high clay content and in lateritic soils is generally low, 
whereas its availability is relatively high in saline 
alkaline and calcareous soils due to their higher pH. Pal 
(1986) obtained a marked increase in chickpea yield by 
applying up to 1..5 kg sodium molybdate ha·
'
. The 
effect of Mo was more pronounced when applied with 
P and Rhizobium. 
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Conclusion 
The above discussion clearly indicates that no single 
method of diagnosis of nutrient constraint is perfect, 
and other supporting and confirming data may often be 
needed. However, plant analysis often successfully 
used and will give satisfactory results. There is not 
much information on secondary nutrient and micronu-
trient requirement in chickpea in different situations. 
Information on relative nutrient sensitivity of chickpea 
cultivars would be of great help in identifying cultivars 
for different chickpea-growing areas. 
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Prospects for Optimizing Biological Nitrogen Vixat\\)l.\. \l.\. 
Chickpea 
O.P. Rupelal and D.P. Beck2 
Abstract 
Chickpea is largely grown in marginal lands by resource-poor farmers and has an important 
role in sustaining cropping system productivity. Biological nitrogen fixation (BNF) is a major 
component of the nitrogen economy of the system. Most of the early BNF work concentrated on 
improving the role of Rhizobium in the symbiotic process, but with limited success. Genotypic 
variability in N2-fzxation, though established earlier, has not been used by crop improvement 
scientists, but is proposed as a promising area to enhance BNF in chickpea. More work using 
I5N-based techniques to establish genotypic variability in BNF seems necessary, while experi-
ments to determine optimum levels of BNF in chickpea would be desirable. 
During a recent successful program to identify spontaneous non-nodulating mutants we 
noticed considerable plant-to-plant variability within a given genotype. It is suspected that this 
variability is largely genetic. If so, it may be possible to select relatively high Nl-fixing lines 
within existing varieties and to make use of the variation in nodulation to quantify optimum BNF 
for chickpea. 
Resume 
Preyisions d'oplimiution de I. fix.lion biololique de I"zote pM Ie pois chiche: Le pois 
chiche est surtout cultive dans des terres marginales par des paysans disposant de peu de 
ressources et iljoue un r6le important pour maintenir la productivite des systemes de culture. 
La fixation biologique d'azote est un element important de l'economie de 1 'azote du systeme. 
A u depart, la plupart des travaux s' etaient concentres sur 1 'amelioration du r6Je du Rhizo-
bium dans le processus symbiotique, mais les resultats n 'ont pas ete tres fructueux. La 
variabilite genotypique dans la fixation de N2, bien qu 'elle ait dejA ete determinee, n a pas ete 
utilisee par les chercheuTS dans l'amelioration des cultures. Elle est cependant proposee 
comme un domaine comportant de bonnes possibilites de travail sur l'amelioration de la 
fixation de l'azote chez le pois chiche. 11 semble necessaire d'effectuer des travaux plus 
approfondis utilisant des techniques basees sur I5N afin d'etablir la variabilite genotypiquede 
1a fixation d 'azote; des experiences pour determiner 1es niveaux optimaux de la fixation chez Ie 
pois chiche seraient aussi souhaitab1es. 
Une variabilite considerable d 'une plante A une autre A 1 ~nterieur d 'un genotype determine a 
ete constatee au COUTS d 'un programme recent, tenu avec succes, sur Hdentification des 
mutants spontanes non nodulant. 11 est possible que cette variabilite soit surtout genetique. 
Dans ce cas, il serait peut~tre possible de selectionner des lignees A fixation relativement 
elevee de N2 au sein des varietes existantes et de tirer parti de cette variation de nodulation 
pour quantifier ls fixation optimale pour le pois chiche. 
1. Crop Physiologist, Legumes Program. ICRISAT Cooperative Research Station. College of Agriculture Farm. lawaharlal Nehnl Krishi 
Viswa Vidyalaya (JNKVV). Gwalior 474 002. Madhya Pradesh. india. 
2. Food Legume Microbiologist. Food Legumes Improvement Program. International Center for Agricultural Research in !he Dry Areas 
(ICARDA). P.O. Box 5466. Aleppo. Syria. 
ICRISAT Conference Paper no. CP SS9. 
Cltatioll: ICRISAT (International Crops Research Institute for !he Semi-Arid Tropics). 1990. Chickpea in the Nineties: proceedin,s of the 
Second International Worbbop on Chickpea Improvement. 4-8 Dec 1989. ICRISAT Center, India. Patancheru. A.P. m 324. India: 
ICRISAT. 
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Rhizobium strains that nodulate chickpea are specific, 
and do not show cross-inoculation affinity with any 
members of the known cross-inoculation groups (Rupela 
and Saxena 1987). With updated nomenclature they 
are called Bradyrhizobium sp. (Chickpea), but in this 
paper we have used Rhizobium sp. (Chickpea). Re-
search on biological nitrogen fixation (BNF) in chick-
pea has largely concentrated on aspects of rhizobial 
strain selection, and assessing yield improvement 
through their use as inoculants. Several studies show-
ing large increases in chickpea yields due to inocula-
tion, often in soils containing high native rhizobia) 
populations, lacked data on nodulation and N 2 - fixation 
(occupancy (%) by inoculant or I~N assessment) to show 
that the increased yield was really due to application of 
Rhizobium. The contributions of the legume host in 
determining different functions of this symbiotic pro-
cess are certainly important, but are poorly understood 
(Beringer et al. 1988). In this paper we have restricted 
discussion to applied aspects of BNF in chickpea and 
given greater attention to the host plant. 
Constraints in Increasing N:z- fixation 
High Native Population of Rhizobium 
Much of the early research work on BNF created the 
impression that yield of legumes can be significantly 
increased by Rhizobium inoculation. Subsequent work, 
however, suggested that successful establishment of 
inoculant strains in soils with high native populations 
of rhizobia is difficult and is only occasionally observed 
(Schmidt 1988). Therefore, use of identified effective 
Rhizobium strains and Rhizobium strain x host geno-
type interactions, though significant in some cases (Rai 
and Singh 1979), would be difficult to exploit for yield 
increase. 
Abiotic Factors 
Abiotic stresses such as drought and high temperature 
adversely affect nodulation and nitrogen fixation 
(Rupela and Kumar Rao 1987). Chickpea is largely 
rainfed and grown on residual and receding soil mois-
ture, and thus may face drought conditions during crop 
growth. The amount of nodulation and N2-fixation is 
related to the amount of soil moisture. Under rainfed 
conditions, sowing depth is generally detennined by 
the depth of moisture in the soil profile. Increased 
sowing depth, however, tends to decrease the amount 
of nodulation. 
Soil temperatures above 25"(' during the day occurs 
in some chickpea-growing areas (l7°N, peninsular 
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India) and is supraoptimal for nodule functions (Rupela 
and Saxena 1987). Ambient maximum temperature 
(weekly mean) remains >3O"C at the time of sowing 
and early growth stages of chickpea in latitudes at least 
up to 26°N. Soil temperature in these areas is likely to 
be higher than ambient. Similarly soil temperatures 
lower than 15°C that occur in the West Asia and North 
Africa (WAN A) region are likely to adversely affect 
N2-fixation in the early stages of plant growth. 
Nodulation and N2-fixation are greatly reduced 
whenever high levels of soil nitrogen are available to 
a legume (Rupela and Saxena 1987). Unpublished 
studies at ICRISAT Center recorded a 4- to 6-fold 
reduction in nodule mass when soil-nitrate concentra-
tion in the top 15 cm soil profile, where most chickpea 
nodules occur, increased from about6mgkg-' to about 
13 mg kg-I. Plant selection under such conditions 
may encourage dependence on soil-N instead of on 
fixed-N 2• 
New Chickpea Areas 
It is well established that areas new to a given legume 
nodulated by specific rhizobia generally lack appro-
priate Rhizobium strains. Evaluation of legumes 
without appropriate symbioses may adversely affect 
legume introduction efforts and may result in the selec-
tion of inappropriate genotypes. Rice-growing condi-
tions have been observed to adversely affect the sur-
vival of chickpea inoculant (Rupela et aJ. 1987). Devel-
opment of new cropping systems such as winter sowing 
of chickpea in W ANA. and chickpea after rice are the 
areas where native chickpea rhizobia populations are 
likely to be low or absent, necessitating inoculation as 
pan of the chickpea introduction package. 
Promising Research Areas 
Ecological Studies 
Indigenous rhizobia when present in large numbers 
generally out-compete the inoculant strain in forming 
nodules on the host. Competition for nodule occu-
pancy must be better understood in terms of microbial 
ecology. biochemistry, and molecular biology (Schmidt 
1988). Selection of high temperature and high soil-
nitrate tolerant rhizobial strains is possible but would 
be useful only in limited areas unless: (i) techniques to 
establish inoculant Rhizobium in soils with high popu-
lations of native rhizobia are developed; and (Ii) con-
comitant host selection for these traits is carried out. 
Effective Symbiosis with Native Rhizobia 
Simultaneous selection or manipulation of genotypes 
of both symbiotic partners has been supported by many 
reviewers. Genes from the Rhizobium and legume host 
that are involved in the symbiosis are being identified, 
and in some cases isolated and cloned, to facilitate 
further studies and to provide sources of genes which 
might be used in the future to manipulate either partner 
(Beringer et al. 1988). This seems a desirable but 
difficult approach. Until these methodologies have 
shown promise,and techniques to establish inoculant 
rhizobia in fields are perfected, exploitation of host 
genotypic variability in N2-fixation in the presence of 
native rhizobia appears the most applicable strategy to 
improve BNF. It can be assumed that native rhizobia 
are reasonably efficient. Prolifically nodulating geno-
types have been identified (Rupela and Saxena 1987) 
that are stable across locations. The search for geno-
types with prolonged N2-fixation into the pod-filling 
stage seems to be worth while. The transfer of such 
traits into adapted genotypes is desirable. 
Development of Specific Compatibles 
With availability of nonnodulating chickpea lines 
(Rupela and Saxena 1987) it seems possible to develop 
or identify compatible Rhizohium strain(s) that could 
only nodulate the given nonnodulating line. This could 
by-pass the problem of competition that an inoculant 
strain has to face from native rhizobia. Comparative 
advantage(s) of host-specific Rhizohium combinations 
over normal symbiotic genotypes could then be stud-
ied. 
Plant-to-plant Variability in Nodulation within a 
Genotype 
During a recent successful search for nonnodulating 
spontaneous mutants the authors also noticed a range of 
nodulation within a high nodulating line K 850. It is 
plausible that variability for traits such as nodulation 
would exist from bulking during development of a 
variety. Whether this kind of variability is environ-
mental or genetic can be verified. Iffound to be genetic, 
it has implications in assessing the optimum level of 
nodulation/N2-fixation and in selection of high nodu-
lating/N2-fixing lines from within a released variety. 
Acknowledgments 
We thank Drs M.e. Saxena, e. Johansen. and E.A. 
Kueneman for their helpful comments. 
References 
Beringer, J.E., Bisseling, T.A., and LaRue, T.A. 
1988. Improving symbiotic nitrogen fixation through 
the genetic manipulation of Rhizobium and legume host 
plants. Pages 691-702 in World crops: cool season food 
legumes: proceedings of the International Food 
Legume Research Conference on Pea, Lentil, Faba 
Bean and Chickpea, 6-11 Ju11986, Spokane, Washing-
ton, USA (Summerfield. R.J., ed.). Dordrecht, Nether-
lands: Kluwer Academic Publishers. 
Rai, R., and Singh, S.N. 1979. Interaction between 
chickpeas (Cicer arietinum Linn.) genotypes and strains 
of Rhizohium sp. Journal of Agricultural Sciences 
Cambridge 92:437-441. 
Rupela, O.P., and Kumar Rao, J.V.D.K. 1987. Ef-
fects of drought, temperature and salinity on symbiotic 
nitrogen fixation in legumes, with emphasis on chick-
pea and pigeonpea. Pages 123-131 in Adaptation of 
chickpea and pigeonpea to abiotic stresses: proceed-
ings of the Consultants' Workshop, 19-21 Dec 1984, 
ICRISAT Center. India. Patancheru. A.P. 502 324, 
India: International Crops Research Institute for the 
Semi-Arid Tropics. 
Rupela, O.P., and Saxena, M.e. 1987. Nodulation and 
nitrogen fixation in chickpea. Pages 191-206 in The 
chickpea (Saxena. M.C .. and Singh, K.B., eds.). 
Wallingford, Oxon, UK: CAB International. 
Rupela, O.P., Toomsan, B., Mittal,S., Dart, P J., and 
Thompson, lA. 1987. Chickpea Rhizobium popula-
tions: survey of influence of season. soil depth and 
cropping pattern. Soil Biology and Biochemistry 
19:247-252. 
Schmidt, E.L. 1988. Competition for legume nodule 
occupancy: a down-to-earth limitation on nitrogen 
fixation. Pages 663-674 in World crops: cool season 
food legumes: proceedings of the International Food 
Legume Research Conference on Pea, Lentil, Faba 
Bean and Chickpea, 6-1 I JuI1986.Spokane. Washing-
ton, USA (Summerfield. R.J., ed.). Dordrecht. Nether-
lands: Kluwer Academic Publishers. 
103 

Improved Cropping Systems and Alternative Cropping 
Practices 
C.S. Saraf, B. Baldev1, M. AlP, and S.N. Silim3 
Abstract 
The role of grain legumes in Indian agriculture has long been appreciated in view of their ability 
to fu atmospheric nitrogen. Since the 1950s considerable attention has been given to various 
cropping systems designed to improve profitability both in time and space. In view of the 
improved plant types and soil-ameliorative properties, cropping systems invo{ving chickpea are 
increasingly being adopted. It has been found that inclusion of chickpea in cropping systems has 
resulted in enhanced yield and profitability. However, alternative cropping systems are needed 
in the 1990s for further improvement of chickpea yields under both rainfed and irrigated 
conditions. An attempt has been made to highlight some research findings and ideas for future 
improvement in chickpea yields. 
Resume 
S]'stemes de culture .meUores et de nouvelles Pl'lltiques cultunles: Le rdIe des legumineuses B 
grains dans I 'agriculture en Inde a longtemps ete appr6cie B cause de I 'aptitude de ces cultures B 
fixer luote atmospherique. Depuis les annees 50, une attention considerable a ete accordee 
aux divers systemes de culture destines A l'amelioration de la rentabilite en fonction du temps 
et aussi de l'espace. Etant donneles types de plantes ameliorks et les proprietes d 'amelioration 
du sol, on constate I 'adoption de plus en plus importante des systemes de culture comportant Ie 
pois chiche. L' insertion du pois chiche dans les systemes de culture a permis une augmentation 
du rendement et de la rentabilite. Cependant, de nouveaux systemes de culture sont n6ces-
saires pour les annees 90 afin de pouvoir ameJiorer davantage les rendements du pois chiche 
dans les conditions tant pluviaJes qu' irriguees. On a essaye de souligner quelques r6sultats de 
recherche et des idees pour 1 'amelioration future des rendements du pois chiche. 
The world population is growing rapidly. and by the 
tum of the Century it is expected to be around 6.2 billion 
(FAO 1986). The major population increase is ex-
pected in developing countries where self sufficiency 
in food production is a major concern. In India. for 
example, population has been increasing annually by 
2.58% and demand for food by 3.25 to 3.40%. How-
ever the domestic food production has been rising only 
by 2.60 to 3.10%. 
Nutritional imbalances in the agricultural sector. 
such as those causing high ratios of carbohydrate to 
protein production. are common in developing coun-
tries. In India, over the last three decades, while the 
contribution of wheat and rice to the total food grain 
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output rose from 53 to 64%, the share of coarse grains 
and pulses declined from 30.7 to 26.4%. Increasing 
pulse production, and hence protein output, is thus one 
of the major objectives in Indian agriculture. 
Response of Chickpea to Water 
Management 
Crop yield can be increased in three distinct ways: a) 
increasing the area under cultivation, b) increasing 
productivity in existing ilTeas, and c) increasing crop-
ping intensity. However, available information sug-
gests that there is very little scope for further expansion 
of agricultural land. Hence, increasing cropping inten-
sity and crop productivity per unit area are possibilities, 
which can be effective only if cropping systems are 
improved and alternative cropping practices are adopted. 
Since almost the entire area under pulse crops is rain-
fed, relatively high levels of tolerance to drought are 
assumed to be present in these crops. However, water 
management is more critical in pulses than in most 
other crops. Excess and deficient moisture conditions 
both reduce the yield of pulses. In other crops, excess 
soil moisture may be tolerated without significantly 
affecting levels of productivity. 
It has been found that chickpea needs 15% soil 
moisture by volume in the root zone extending down as 
much as 50 cm in sandy loam soil (Baldev 1988) and 
that this amount is critical especially during seed devel-
opment. Stress starts developing even with 12% avail-
able soil moisture. On the other hand, an excess of soil 
moisture, caused by frequent rain, and too much irriga-
tion, leads to excessive vegetative growth, at the ex-
pense of seed yield. 
From the above observations it is clear, that chickpea 
cultivation must differ in rainfed and irrigated condi-
tions. In the former, techniques are needed to enhance 
and maintain growth and in the latter vegetative growth 
should be controlled at optimal levels. 
Judicious use of soil moisture is a key to successful 
rainfed farming. For most crops soil moisture is most 
critical during the seed germination and seed develop-
ment stages. Chickpea is largely sown where there is 
residual moisture at the end of a rainy season. Where 
there is limited surface soil moisture, pre-sowing irri-
gation is desirable, but not always feasible. The only 
practical agronomic practice that has given consis-
tently good results and is cheap, is deep sowing of the 
seeds. Deep sowing (10-12 cm) not only enables better 
germination compared to shallow sowing (3-5 cm) 
(Baldev 1988), but also reduces the incidence of wilt 
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(Saraf 1974), thus ensuring a relativevly good plant 
stand. The grain yield of shallow-sown chickpea in one 
of our experiments was only 1.1 t ha- I against 1.8 t ha-
I from a deep-sown crop under non irrigated conditions. 
One irrigation applied to shallow-sown crops 75 days 
after sowing increased the yield to 1.7 t ha- I indicating 
that deep sowing was equivalent to one irrigation. It has 
been shown in agronomic trials under the All India 
Coordinated Pulses Improvement Project (AICPIP) 
that during normal years one irrigation applied to 
chickpea at 45 to 75 days after sowing significantly 
increases grain yields. 
In deep sowing, root systems grow comparatively 
deep, enabling the plant to extract soil moisture from 
lower layers. Our studies of soil moisture profiles 
during the crop season have shown that the growing 
plant will move its root zone to draw its moisture from 
deeper layers (Baldev 1988). In shallow-sown crops 
the available soil moisture in non irrigated plots was 
less than 10% by the end of February, by which time 
pod filling is initiated, compared to about 15% for 
deep-sown crops. 
Although irrigation can increase phosphorus uptake 
efficiency, due to increased solubilization (Prabhakar 
et al. 1987), excess soil moisture results in increased 
vegetative growth in chickpea. Under normal soil 
moisture conditions at New Delhi, flowering is initi-
ated by the end of December in early genotypes, and by 
the end of January in late genotypes if they are sown in 
mid-October. Excess soil moisture due to rainfall or 
over-irrigation at this stage promotes excessive vegeta-
tive growth at the cost of flowering and fruiting, and 
makes the crop prone to lodge which leads to decreased 
yields. Delays in flowering will transfer the seed-
filling phase to an unfavorably high temperature envi-
ronment during April. Excessive vegetative growth is 
also conducive to disease and pest attacks, poor par-
titioning of photosynthates, and abscission of flowers 
and immature fru its. 
Vegetative growth can be controlled by delaying the 
date of sowing by a month or so, until the third week of 
November in Northwest India. Because of cool weather 
conditions, late sowing also reduces vascular diseases 
such as wilt. 
However, a late-sown crop may sometimes need 
higher inputs in the form of irrigation and fertilizers so 
that the slow vegetative growth under the cool tempera-
ture regime can be speeded up to achieve optimum dry 
matter production for good yields. The harvest index 
increases slightly under late-sown conditions. The low 
dry matter production during the vegetative phase due 
to cool weather can also be compensated for by increas-
ing the plant density. 
Chickpea in Intercropping Systems 
Improved cropping systems and alternate cropping 
practices can increase and stabilize food grain yields. 
The adoption of a cropping system in a particular region 
results from ecological factors, such as soil and c1 imate, 
as weI I as non-ecological factors, such as consumer 
demand. market, socio-economic policies of the re-
gion. and technological capabilities. Can chickpea be 
a successful intercrop or a beneficial grain legume in 
multiple and relay cropping system and crop rotations? 
Generally successful intercropping of two or more 
species should result in efficient use of resources lead-
ing to enhanced total crop production returns when 
compared to sole cropping (Saraf and Ganga Saran 
1986). Intercropping of chickpea and safflower is 
practised in India; it reduces the risk that sole crops are 
exposed to (Malvi et a!. 1988). Both are winter crops 
and traditional chickpea cultivars are spreading types 
and their yields are reduced by pest infestations and 
diseases. Tall. upright, high-yielding chickpeacultivars 
thai are disease resistant and do not interfere with the 
growth of safflower have been identified (Bahl and 
Baldev 1981). 
lmercropping with Iraditional chickpea genotypes 
has had some success. Our research results show that 
Land Equivalent Ratios (LER) of 1.6 can be achieved 
by intercropping chickpea with safflower. 
The study of intercropping systems in rainfed agri-
culture in India is important as 72 million out of a total 
of 142 million ha of cultivated land is rainfed (Swindale 
1982). However. the benefits of intercropping are 
better achieved by increasing inputs including irriga-
tion. 
Our studies of water use in monocropping and inter-
cropping have shown that more water is seasonally 
consumed by intercropping than by monocropping, 
and that sowing pattern in sole cropping and plant 
population in intercropping have lillie or no effect on 
seasonal water consumption. 
Safflower may not be the best companion crop for 
chickpea in intercropping systems, possibly due to its 
shading effect. It is not uncommon to observe lanky 
chickpea in the chickpea-safflower combination. Other 
highly remunerative crops such as mustard could be 
used instead. Studies on genotypic compatability in 
intercropping with the chickpea genotype, Pusa 261. 
and the mustard genotype, Varona. (Ali 1989) indi-
cated that in some locations for instance at Kanpur the 
crops ratio 4: 1 for chickpea and mustard gave the 
highest yield. 
Results from sequential cropping studies by the AU 
India Coordinated Research Project on Pulses show, 
that at Gulberga in Karnaiaka, India, the pearl millet-
chickpea sequence significantly out yielded the tradi-
tional sesame-safflower sequence and gave the highest 
total monetary return (AICPlP 1989). Similarly Meena 
and Ali (1987) have observed that chickpea-rice se-
quences have out yielded all other sequences. 
Continuous cropping of cereals, a practice com-
monly followed in several regions. for example the 
Mediterranean basin, can lead to a decline in yield. At 
ICARDA, both winter and spring sown chickpeas in a 
sequence with other legumes have a beneficial effect in 
sustaining the yield of cereals and can replace fallow 
without causing a decline in the yield of a succeeding 
cereal. Replacing fallow is now one of the strategies 
used to expand chickpea cultivation without competi-
tion to other crops (Silim and Saxena 1989). 
Conclusion 
Agronomic practices alone such as deep sowing under 
non irrigated conditions, late sowing under irrigated 
conditions. suitable intercropping patterns, crop se-
quences. and crop rotations can increase chickpea yield 
and total crop yield per unit area. However for a 
quantum jump to occur in chickpea yields, genotype 
improvement has to be coupled with improved agro-
nomic practices and cropping systems. Selection of 
genotypes based on highly heritable characters has had 
its value; in the future chickpea genotypes may need 
such traits as deep rooting ability, and tolerances to 
drought and to salinity for specific environments. 
For irrigated chickpea, the major objective should be to 
control excessive vegetative growth so that the harvest 
index is improved and damage lodging minimized. 
Late sowing is not without drawbacks. as pod filling 
has often to occur under unfavorably high temperatures 
in April. It will therefore be necessary to identify 
genotypes that tolerate high temperature. Alternatively 
cold tolerance can possibly be used in early-flowering 
genotypes. 
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Session 3 
Main Items or Presentation and Discussion 
• Adaptation of chickpea to agroclirnatic constraints 
is of fundamental importance for cultivar devel-
opment. The rate of progress towards flowering. 
determined by photothermal conditions, is of ma-
jor significance; it can be estabHshed for differ-
ent genotypes by following the screening proto-
cols presented at the workshop. 
• when extrapolating temperature data from con-
trolled environments to the field the effective field 
temperature (T ) is determined by expanding the 
formula 
_ I=f 
T = I [(Tmax +TmiJ/2]/f+1 
t = 0 
where f=days to flowering, and T and T . are 
I1IIJ< mIn 
daily maximum and minimum temperatures as 
recorded in standard meteorological screens. 
• Tropical grasses and some tropical legumes have 
base temperatures Tb - lOOC and optimum tem-
peratures To - 35"C, whereas for temperate spe-
cies these values are 10 - O"C and T - 25OC. 
o 
Only a few chickpea genotypes have been evalu-
ated for these traits. In terms of crop and areas 
of production Tb may be cooler in kabuli than in 
desi types while To may be wanner in desi than 
in kabuli. Genetic differences within the two 
groups may well exceed those between them. 
• Considerable genetic variation exists in the 
gennplasm collection tested in California for high-
temperature tolerance. Flower and pod retention 
was noted in some genotypes at 4O"C. Other use-
ful traits for adaptation are earliness in maturity, 
and the ability to produce flowers and pods at 
extreme temperatures and under drought stress. 
• Modeling of chickpea's growth and yield, al-
though only recently staned, has already yielded 
interesting results. The RES CAP model devel-
oped. at ICRISAT, had a good predictability of 
dry matter production (r = 0.86) and could be 
used to calculate the optimal time and quantity of 
irrigation. However. further model development 
is needed 10 predict partitioning of dry matter to 
grain and water fluxes at the leaf surface. 
• TIle concept of functional ideotypes for prioritiz-
ing and resting useful traits was proposed for yield 
improvement at locations where conventional 
breeding faces problems e.g., due to variability 
in harsh production environments. Some ideo-
type examples for particular environments were 
mentioned: plants with a long. dense root system 
and small leaves for environments prone to 
drought stress; and cold-tolerant, early-maturing 
plant types with a high harvest index and lodging 
resistance for high latitudes. For high-input sys-
tems a communal plant type, with reduced 
branching was proposed. Statements that 'little 
or no improvement in yield potential had been 
achieved in chickpea over the past 20 years', and 
'the ideotype approach could provide a possible 
alternative to conventional yield breeding' were 
challenged. Examples of yield improvement over 
years were cited. The complexity and apparent 
limited success of previous ideotype breeding ef-
forts were pointed out. 
• Ideotypes for quality improvement can be de-
scribed. A 'market' ideotype needs to incorporate 
the characters that the consumer wants, and 
breeding programs must be both market- and 
productivity-oriented. 
• Mineral nutrient constraints need to be identified 
using such criteria and methodologies as plant 
symptoms and critical nutrient concentrations. 
The impact of alleviating mineral nutrient con-
straints was documented. 
• The emphasis for nitrogen fixation should move 
from rhizobial strain differences to host plant 
variability. The nodulation of the chickpea plant 
is optimal when the seed is sown 10 cm deep; 
but usually it is sown deeper than this because of 
the limited soil moisture in the semi-arid tropics. 
For undetermined reasons, chickpea has in some 
cases been noted to exert a negative effect on the 
succeeding crop. Depletion of soil nitrogen, or 
water, or exacerbation of disease and pest prob-
lems were suggested as possible causes. 
• Increasing the ability of chickpea to fix N by ge-
netic means could be at the expense of yield po-
tential, due to competition between nodules and 
reproductive parts for assimilates. The ideal com-
bination of host plant/Rhizobium strain is achieved 
when most of the N-requirement of the legume 
plant is satisfied through N-fixation, and some of 
the N-requirement of the following non-legumi-
nous crop is also provided for. 
• With good nodulation, 70% of the plant's N re-
quirement can be derived from N-fixation; with-
out inoculation and in fertile soils the plant de-
rives much less of its N-requirement from N-
fixation. Chickpea is extremely effective in ab-
sorbing mineral N from the soil and moderate 
concentrations of mineral N. whether soil- or fer-
tilizer-derived. can severely depress nodule de-
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velopment and function. Therefore, to minimize 
exploitation of soil N by chickpea, it would be 
desirable to develop chickpea that can nodulate 
and fix N under conditions of moderate to high 
ambient mineral N. 
• It was suggested that genetic solutions to micro~ 
nutrient problems were not necessary as they 
could easily be solved by simple and cheap 
methods of fertilizer application. 
• The need for a common definition and usage of 
harvest index for chickpea (accounting for fallen 
leaves) was emphasized. It was also suggested 
that calculation and more widespread use of har-
vest index for nitrogen would be desirable in 
comparing genotypes and environments. 
RecomlDeDdationl 
• Yield improvement in chickpea in the 1990s will 
be best achieved through hybridization programs 
based on wide variability with selection directed 
toward location-specific characteristics and man-
agement strategies. 
• The growth physiology of chickpea is strongly 
influenced by temperature, photoperiod. and wa-
ter supply: specific strategies need to be devel~ 
oped for each of the major agro .. dimatic zones in 
which the crop is grown. 
• The objectives for each zone are best formulated 
in terms of 'functional ideotypes' that define not 
only desirable above-ground morphological char-
acteristics (the original 'ideotype' concept) but 
also desirable physiological responses (e.g., to 
temperature and photoperiod), rooting character-
istics, water use, nitrogen fixation attributes, and 
characters useful in disease and pest resistance. 
• Methods of screening for some components of 
functional ideotypes are available, and suggestions 
were made for alternative and additional tech-
niques; these need to be more widely evaluated. 
Although screening needs to be based on loca-
tion specific data, the applicability of screening 
techniques, and usefulness of traits identified as a 
result (e.g., drought tolerance traits), need to be 
evaluated across regions. 
• The water-driven plant growth model presented 
needs to be refined, and used to specify the plant 
attributes and management strategies that optimize 
the use of water at a particular location. This 
model will then be useful to estimate potentia) 
yield. evaluate proposed changes in sowing time. 
define the optimum rooting depth. and determine 
the best UfIC of irrigation water. 
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• The development of a carbon dioxide metabolism! 
light-driven model will help to refine ideotypes 
for plant structure, responses to temperature, and 
responses to change in partitioning coefficients. 
• Rates of development of chickpea in response to 
temperature and photoperiod are wen established 
although little practical use has been made of this 
information. Therefore: 
• photothermal coefficients for each zone need to 
be determined; 
• photothermal coefficients for each new line or 
cultivar need to be described as a cultivar attrib-
ute; and 
• new cultivars need not be tested for yield in zones 
to which their flowering behavior is not adapted. 
• The mineral nutrition of chickpea is inadequately 
understood: responses to phosphate application, 
and the requirement for trace elements in speci-
fied environments need clarification. Further work 
is needed on the development of diagnostic pro-
cedures appropriate to chickpea to detect nutrient 
imbalances and monitor nutrient status. 
• Chickpea is extremely sensitive to temperature, 
and sources of genes for the following physio-
logical attributes need to be located: 
• capacity to germinate and grow vegetatively at 
low temperature; 
• frost resistance; 
• decreased sensitivity to both low «1O"C) and high 
(>3O"C) temperature during flowering and early 
pod fill; and 
• low maintenance respiration at high temperature. 
• Work on nitrogen metabolism and nutrition of 
chickpea needs to be undertaken in the following 
areas: 
• the ecology of Rhizobium in situations where in-
oculation is necessary, e.g., in new chickpea-
growing areas, on 'problem' soils or where 
rhizobial populations are low; 
• the basic interaction between nitrogen fixalion and 
mineral nitrogen; 
• the abilities of different strains of Rhizobium or 
particular plant genotypes to maintain nodule ac-
tivity during grain filling, since nitrogen fixation 
in chickpea declines markedly after flowering; 
• decreased sensitivity of nitrogen fixation to min-
eral nitrogen to increase the capacity of chickpea 
to contribute to increasing soil fertility of crop-
ping systems; and 
• effects of drought stress on nitrogen fixation, es-
pecially intermittent stress during vegetative 
growth and flowering, as an integral part of 
drought research. 
Session 3 
Priaeipau:x tb~mes de preseDtadoD et de d.IIc: .... OD 
• L'adaptation du pois chic he aux contraintes 
agroclimatiques est d'une importance fonda-
mentale pour la mise au point de cultivan. Le 
taux de progres vers la floraison, determine par 
les conditions photothermiques, est dune signi-
fication majeure; il peut ~tre etabli pour divers 
genotypes en suivant les protocoles de criblage 
presentes au colloque. 
• Au moment de l'extrapolation, au milieu reel, 
des donnees de temperature a partir d 'environ-
nements contrOles, la temperature recIle du 
milieu (n est determinee par I'expansion de la 
formule: 
OU f = jours a la floraison, et T mu et T min sont 
Ies temperatures maximale et minimale quoti-
diennes teUes qu 'eUes sont enregistrees sur les 
ecrans meteorologiques types. 
• Les graminees tropicales ainsi que certaines le-
gumineuses tropic ales ont des temperatures de 
base Tb - 10°C et des temperatures optimales 
To - 35°C, alors que pour les especes temperees 
ces valeurs sont T b - 0° C et To - 25° C. Seule-
ment quelques genotypes ont ete evalues pour 
ces caracteres. En termes de culture et superfi-
cies de production, Tb pourrait etre moins ele-
vee chez les types kabuli que chez les desi, alon 
que To pourrait ~tre plus elevee chez Ie desi que 
chez Ie kabuli. Les differences genetiques a l'inte-
rieure des deux groupes pourraient depasser 
celIes entre eux. 
• Une variation considerable existe dans la col-
lection des ressources genetiques testee en Cali-
fomie pour Ia tolerance aux temperatures ele-
vees. La retention des fleun et des gousses a ete 
constatee chez quelques genotypes Ii 40°C. 
D'autres caraaeres utiles pour radaptation 
lont la precocite de maturation, et Ie pouvoir de 
produire des fleun et dea gousses aux tempera-
tures extremes ainsi que SOUl Ie strea hydrique. 
• La moclelisation de la croissance et du rende-
ment du pois chiche, bien que demarree seuJe-
ment recemment, a deja donne des resultats 
interessants. Le Modele RESCAP mis au point 
a I'ICRISA T avait une bonne previsibilit6 de Ia 
production de matiere seche (r2 = 0,86) et pour-
rait !tre utilise pour calculer Ie temps optimal et 
la quantite d'irrigation. Toutefois, des travaux 
plus approfondis sont necessaires pour prCdirc 
la partition de matiere seche au grain et Ies flux 
d'eau a Ia surface foliaire. 
• Le concept d'ideotypes fonctionnels pour la 
prioritisation et I'evaluation des caracteres utiles 
a ete propose pour l'amelioration du rendement 
a des emplacements ou Ia selection tradition-
nelle fait face a des problemes, par exemple, dll 
a la variabilite dans lea milieux de production 
difficiles. Quelques exemples d'ideotypes pour 
environnements particuliers etaient cites : les 
plantes avec un systeme racinaire dense et long 
et petites feuilles pour Ies environnements sus-
ceptibles aux stress hydriques; et les types de 
plantes tolerantes au froid et a maturation pre-
coce avec une indice de recolte elevee et la re-
sistance a la verse pour les latitudes su.,erieures. 
Pour les systemes Ii intrants eleves, un type 
communal de plante avec ramification reduite a 
ete propose. Des enonciations telles "Peu ou 
aucune amelioration du potentiel de rendement 
a ete realisee chez Ie pois chiche pendant les 20 
demieres annees" ou "I 'approche par ideotype 
pourrait offrir une solution autre que la selec-
tion traditionnelle pour Ie rendement" ont ete 
remises en question. Des exemples de }'amelio-
ration du rendement pendant les annees ont ete 
cites. La complexite et Ie succes apparemment 
limite des efforts precedents de selection d'ideo-
types ont ete soulignes. 
• Des ideotypes pour I'amelioration de 18 qualite 
peuvent ~tre decrits. Un ideotype 'marche' dev-
rait incorporer les caraeteres utiles au consom-
mateur, et les programmes de selection dev-
raient s'orienter tant au marche qu'li 18 pro-
ductivite. 
• Des contraintes en elements mineraux nutritifs 
devraient kre identu"ees en utilisant des crittres 
et des methodologies telles que sympt6mes des 
plantes et des concentrations critiques des 'le-
menta nutritifs. L'impact de I 'allegement des 
contraintes en 'lements mineraux nutritifs a ete 
documente. 
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• En ce qui conceme la flXation de I'szote, l'ac-
cent devrait etre reporte sur la variabilite de la 
plante-hOte au lieu des differences entre souches 
rhizobiales. La nodulation de Ja plante de pois 
chiche est optimale lorsque la graine est semee it 
10 em de profondeur; mais Ie semis s'effectue 
normalement it une profondeur plus impor-
tante it cause de l'humidite du sollimitee dans 
lea regions tropicales semi-arides. Pour des rai-
sons non-determinees, Ie pois chiche en quelques 
cas, a ete responsable d'exercer un effet negatif 
sur la culture suivante. La reduction de l'azote 
du sol ou de I'eau, I'exacerbation des problemes 
de maladies et de ravageurs ont ete suggere 
comme causes possibles. 
• L'augmentation du pouvoir de fixation N du 
pois chiche par les moyens genetiques pourrait 
~tre au depens du potentiel de rendement, dO it 
la concurrence entre nodules et les parties 
reproductives pour assimilats. La combinaison 
ideale de plante-hOte/souche de Rhizobium est 
realisee lorsque la plupart du besoin en N de la 
plante legumineuse est satisfaite it travers la 
fixation de I'szote, et deuxiemement, une partie 
du besoin en N de la culture suivante non-
legumineuse est egalement pourvue. 
• A vee une bonne nodulation, 70% des besoins en 
N de la plante peut ~tre derive de la fixation de 
N; sans inoculation et dans des sols fertiles la 
plante obtient bien moins de ses besoins en N a 
partir de la fixation de N. Le pois chiche est 
extr~mement efficace dans I'absorption du N 
mineral a partir du sol. Les concentrations 
moderees de N mineral, qu'il soit derive du sol 
ou de I'engrais, peuvent severement reduire Ie 
developpement et la fonction des nodules. Par 
consequent, pour minimiser I'exploitation du N 
du sol par Ie pois chiche, i1 serait souhaitable de 
mettre au point un pois chic he qui peut noduler 
et fixer Ie N dans des conditions de N mineral 
ambiant eleve ou modere. 
• n a ete suggere que les solutions genetiques aux 
problemes d 'elements micronutritifs n 'etaient 
pas necessaires car i1s peuvent facilement ~tre 
resolus par des methodes simples et peu one-
reux d'application d'engrais. 
• La necessite d 'une definition commune et 
l'usage de l'indice de r#:colte pour Ie pois chiche 
(tenant compte des feuilles tomb6el) a ete sou-
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ligne. II a egalement ete sup que Ie calcul et 
I'emploi plus elargie de l'indice de recolte pour 
I'szote serait desirable dans la comparaison des 
genotypes et environnements. 
RecommandadoDl 
• L'amelioration du rendement du pois chiche 
dans les annees 90 sera realisee Ie plus efficace-
ment par l'intermediaire des programmes d'by-
bridation bases sur la grande variabilite avec la 
selection orientee vers les caracteristiques et les 
strategies de gestion specifiques aux emplace-
ments. 
• La physiologie de la croissance du pois chiche 
est fortement influencee par la temperature, la 
photoperiode et l'alimentation en eau; des stra-
tegies specifiques doivent ~tre elaborees pour 
chacune des lones agroclimatiques import antes 
dans laqueUe la culture est exploitee. 
• Les objectifs de chaque lone sont Ie mieux for-
mules en termes d' "ideotypes fonctionnels" qui 
definissent non seulement des caracteristiques 
morphologiques .eriennes desirables (ie con-
cept 'ideotype' de depart) mais aussi des re-
ponses physiologiques desirables (par exemple, 
a la temperature et a la photoperiode), des 
caracteristiques d 'enracinement, I 'utilisation 
d'eau, attributs de fixation de l'azote, et des 
caracteres utiles dans la resistance aux maladies 
et aux ravageurs. 
• Methodes de criblage pour quelques compo-
santes des ideotypes fonctionneis sont disponi-
bles, et des suggestions ont etc faites pour des 
techniques differentes ou supplementaires. 
CeUes-ci doivent ~tre evaluees plus largement. 
Bien que Ie criblage doit ~tre base sur les don-
nees specifiques a l'emplacement, I'applicabilite 
des techniques de criblage, et I 'utilite des caracte-
res identifies par consequent (par ex empie, les 
caracteres de tolerance a la secheresse), doivent 
!tre evalues a travers les regions. 
• Le modele de croissance vegetale a base de I'eau 
doit ~tre raffine et utilise pour la determination 
des attributs des plantes et des strategies de 
gestion qui optimisent l'utilisation de l'eau a un 
emplacement particulier. Ce modele sera alors 
utile dans l'estimation du rendement potentiel, 
dans I'evaluation des changements proposes du 
temps de semis, dans la definition de la profon-
deur optimale d 'enracinement, et dans la de-
termination de la meilleure utilisation de I'eau 
d'irrigation. 
• La mise au point d'un modele actionne par la 
lumiere/ Ie metabolisme du bioxide de carbone 
permettra de raffiner des ideotypes pour la 
structure de la plante, des reponses a la tempe-
rature, et des reponses au changement des coef-
ficients de partition. 
• Les taux de croissance du pois chiche en re-
ponse a la temperature et a la photoperiode sont 
bien etablis bien que peu d'utilisation pratique 
est decoulee de cette information. Donc : 
• des coefficients photothermiques pour cha-
que zone doivent etre determines; 
• des coefficients photothermiques pour cha-
que nouvelle lignee ou cultivar doivent etre 
decrits comme un attribut du cultivar; 
• il n 'est pas necessaire de tester de nouveaux 
cultivars pour Ie rendement dans des zones 
auxquelles leur comportement de floraison 
n 'est pas adapte. 
• La nutrition mineraJe du po is chiche est insuffi-
samment comprise. Les reponses a I 'application 
des phosphates, et Ie besoin en oligo-elements 
dans des milieux specifiques doivent etre expli-
cites. Davantage de travaux sont necessaires sur 
la mise au point de procedures diagnostiques 
appropriees au po is chiche afin de detecter les 
desequiJibres en elements nutritifs et de suivre 
Jes niveaux d 'elements nutritifs. 
• Le pois chiche est extremement sensible a la 
temperature et les sources de genes pour les 
attributs physiologiques suivants doivent etre 
identifiees : 
• pouvoir de germination et de croissance 
vegetative a des basses temperatures; 
• resistance a la gelee; 
• sensibilite reduite a la temperature basse 
« IO°C) aussi bien qu'elevee (>300 C) pend-
ant la floraison et Ie remplissage precoce des 
gousses; 
• respiration de maintenance faible a haute 
temperature. 
• Les travaux sur Ie metabolisme et la nutrition 
en azote du pois chiche doivent etre entrepris 
sur les themes suivants : 
• I'ecologie du Rhizobium dans des situations 
oil I'inoculation est necessaire, par exemple, 
dans les nouvelles regions de culture de pois 
chiche, sur des sols "problemes" ou dans Ie 
cas de populations rhizobiales peu elevees; 
• I'interaction fondamentale entre la fixation 
de J 'azote et I 'azote miner ale; 
• les pouvoirs des souches differentes de Rhi-
zobium ou des genotypes de plantes particu-
liers de maintenir I'activite nodulaire pend-
ant Ie remplissage des gousses, puisque la 
fixation de I 'azote chez Ie pois chiche dimi-
nue considerablement apres la floraison; 
• la sensibilite reduite de la fixation de I'azote 
a I 'azote minerale pour accroitre la capacite 
du pois chiche a contribuer a I'augmentation 
de la fertilite du sol des systemes de culture; 
• les effets de stress hydrique sur la fixation de 
I'azote, en particulier Ie stress intermittent 
pendant la croissance vegetative et la florai-
son, comme une partie integrante de la 
recherche sur Ie stress hydrique. 
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Pathology 

Strategies for Management of Foliar Diseases of Chickpea 
M.V. Reddyl, Y.L. Nenel, Gurdip SinghZ, and M. BashirJ 
Abslrtlct 
Ascochyta blight (AB). botrytis gray mold (BGM). alternaria blight (ALB). rust. and stemphylium 
blight (SB) are important foliar diseases of chickpea. Foliar diseases occur in areas that have 
the highest potential for chickpea production due to a long growing season and lack of drought 
stress. Thus good growing conditions for chickpea and occurrence of foliar diseases are linked 
and. un/~ss the linkage ;s broken, there ;s very Iitlle chance of incr~asing chickpea production in 
the northern latitudes. 
Among the foliar diseases. serious attempts have only been made to develop control measures 
for AB. High and stable genetic resbitance. especially in the podding ,ftage. is lacking in the 
available germplasm. Integration of host-plant resistance with foliar fungicidal sprays is 
effective andfeasible. but needs wider testing and evaluation. 
Limited screening for BGM resistance and observations on disease epidemics indicate that it 
may be difficult to obtain a sufficient level of genetic resistance for exploitation in the 
management of the disease. There appears to be some scope for manipulation of plant geometry 
(including intercropping) and crop maturity for the management of the disease. It is essential to 
integrate the control measures for AB, BGM. and other foliar diseases. as the incidence of these 
diseases can overlap in certain areas. 
The epidemiology of the diseases is not fully understood and this information is essential for 
developing effective management practices. Germplasm enhancement for resistanc~ and studies 
on generics of resistance and pathogenic variability also should receive better attention. 
Resume 
Stntegies de gestion des maladies foJiaires du pols chiche: La fletrissure ascochytique, la 
pourriture grise due a botrytis, la netrissure caus(:e par alternaria, la rouille et la pourriture due 
a stemphyJium sont d'importantes maladies fo/iaires du pois chiche. us maladies foJiaires at: 
produisent dans des regions qui ont Ie meilJeur potentiel de production de pois chiche, en 
raison d'llne saison de culture longue et de l'absence de stress hydrique. II existe donc un lien 
entre de bonnes conditions de culture du pois chiche et I 'apparition de maladies foliaires. Par 
consequent, il ne semble guere possible d'accroitre la production de pois chiche dans les 
latitudes nord a moins de briser ce lien. 
Parmi les maladies foJiaires, seule la fletrissure ascochytique a fait I 'objet d'efforts serieux de 
mise au point de moyens de lutte. II n 'existe pas de sources de resistance elevet et stable, 
paniculierement au stade de formation des gousses, dans Ie materiel genetique disponible 
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Pakistan. 
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actueHement. L' integration de Ja mistance de Ja pJante-b"te avec Ja pul~risation de fongi-
cides sur Jes feuilJes est efflcace et faisabJe mais eJCige davantage d'essais et d~valuations. 
Un cribJage restreint pour Ja mistance A Ja pourriture grise due A botrytis et des observa-
tions sur Jes ~pid~mies de Ja maladie indiquent qu 'il pourrait !tre difficiJe d 'obtenir un niveau 
suffJSIUJt de mistance ,en~tique pour sernr A Ja Jutte contre Ja maladie. IJ sembJe possibJe de 
manipuJer Ja geom~trie des pJantes (y compris Ja culture associk) et Ja maturit~ de Ja cuJture 
pour maltriser Ja maladie. IJ est essentieJ d'int~gn:r des moyens de Jutte contre Ja l1~trissure 
ascocbytique, Ja pourriture grise due A botrytis, et d 'sutres maladies [oliaires, car J'incidence de 
ces demieres peut se chevaucber dans certaines regions. 
L ' ~pid~mioJogie des maladies n ~st pas encore compJetement comprise et cette information 
est essentieHe pour mettre au point des pratiques de gestion efficaces. L 'am~lioration du 
mat~rieJ gen~tique pour Ja mistance ainsi que Jes ~tudes sur Ja gen~tique de Ja resistance et Ja 
variabjJjt~ patbogenique devraient ~galement recevoir davant. d'sttention. 
Chickpeas suffer from some serious foliar diseases. In 
the order of importance worldwide, these are ascochyta 
blight (Ascochyta rabiei [Pass.] Labr.), botrytis gray 
mold (Botrytis cinerea Pers. ex Fr.), stemphy lium blight 
(Stemphylium sarciniforme [Cav.] Wilts.), altemaria 
blight (Alternaria alternata [Fr.] Kiessler), and rust 
(Uromyces ciceris-arietini [Grogn.] Jacz & Beyer). 
The incidence of these diseases is mainly confined to 
the chickpea-growing regions between latitudes 25° 
and 45°, where the weather is cooler and wetter than in 
growing regions at lower latitudes. As the higher 
latitude areas have the greater production potential, 
management of foliar diseases is important for increas-
ing chickpea production. 
Research on chickpea diseases has recently been 
reviewed by Nene and Reddy (1987). Here, we attempt 
to summarize progress made during the past 10 years, 
identify the gaps in knowledge as well as research 
constraints, and to suggest research strategies for the 
future. 
Ascochyta Blight 
Ascochyta blight (AB) JS most serious between the 
latitudes 300 and 45°, where relatively low tempera-
tures (l5°-25"C) prevail during the crop season and 
favor its development. Appearance of the blight how-
ever is not regular. The disease develops whenever the 
winter-sown chickpeas in northwest India and Pakistan 
and spring-sown chickpeas in the Mediterranean re-
gion receive rains during the crop season. There is no 
AB problem if there are no rains but then drought 
reduces the yield. A good season for the chickpea crop 
is also favorable for AB and low yields result (Fig. 1). 
This relationship will have to be considered when we 
develop effective disease management strategies. 
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The average yield of spring-sown chickpeas in the 
Mediterranean region is low (about 0.75 t ha I) mainly 
due to drought and heat stress. Advancing the sowing 
date into autumn results in 50-100% yield increase 
provided AB is controlled (Hawtin and Singh 1984). 
Hence control of AB is essential for increasing chick-
pea production in the countries in the Mediterranean 
region but also in the major chickpea-producing re-
gions in India and Pakistan. 
Botrytis Gray Mold 
Botrytis gray mold (BGM) causes concealed damage in 
chickpea. and its importance has only recently been 
reaJized. Without visible symptoms on foliage, the 
disease can cause flower drop resulting in poor pod 
setting, and extension of the crop duration. Some pod 
setting may occur late in the season when the day 
temperatures exceed 3O"C and conditions are unfa-
vorable for the disease. But the yields in such situations 
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Figure l. Relationship between chickpea yields 
and ascochyta blight (Ascochytll Tilbiei). 
are drastically reduced owing to drought and heat 
stress. The regions between 2.50 and 300 are most liable 
to BGM. The disease has a slightly higher temperature 
requirement (2.5OC) than AB (200c). It is a regular 
problem in parts of India. Nepal. and Bangladesh. 
During 1979-1982 it caused heavy losses in the Indo-
Gangetic Plains of India (Grewal and Laha 1983). 
Reddy et al. (1988) visually estimated about 40% yield 
loss due to 80M in Nepal during the ) 987/88 season. 
Though winter rains increase the disease problem they 
do not seem to be essential for BGM development. This 
is different from the situation for AB, for which rains 
are essential. Heavy dew in the nights, irrigation, 
excessive vegetative growth, early sowing, and dense 
planting predispose the crop to disease. 
Other Diseases 
Stemphylium bHght. alternaria bJight. and rust are at 
present of minor importance. Stemphylium blight 
causes considerable damage in northwestern parts of 
Bangladesh in some seasons. Alternaria blight occa-
sionally assumes importance in northeastern India. 
Rust is more widespread and frequent, but as it occurs 
late in the season, it does not cause much loss in yield. 
Hardly any work has been carried out on the manage-
ment of these diseases, probably because they have 
been somewhat over-shadowed by AB and 80M. 
Once these two major diseases are controlled. the 
potential damage caused by the minor diseases may be 
better realized. 
Table I. Mean ucodtyta bUpt Rverity and yield loa estimation' under nonlDoculated and artificially i.aoculated 
conditions iD a let of resistant chickpea lermplum Unes at ICARDA, Tel Had,.&, Syria, 1981/13-1985/86. 
Average yield (t ha-I ) Yield Chickpea Bllaht severity Pod loss/ 
germplasm on vegetative infection incn:ase 
lines parts2 (%) N oninoculated Inoculated (%) 
ILC 72 2.3 8 2.0 2.3 + IS 
ILC 182 2.3 9 2.5 2.6 + 4 
ILC 187 2.4 5 2.2 2.4 + 9 
ILC 191 2.5 12 2.1 2.1 0 
ILC 195 2.4 8 2.4 2.4 0 
ILC 200 2.4 2 2.5 2.2 - 12 
ILC 1757 3.3 36 2.6 1.4 -46 
ILC 2300 2.2 3 2.5 2.5 0 
ILC 2506 2.0 9 2.3 2.7 + 17 
ILC 2956 2.7 3 2.0 2.3 + IS 
ILC 3001 2.7 30 1.3 1.8 + 38 
ILC 3274 2.1 4 2.0 2.1 + S 
ILC 3400 2.7 20 2.2 2.1 - 5 
ICC 3634 2.0 16 2.0 2.2 +10 
ICC 4200 2.9 29 2.3 1.9 - 19 
ICC 4248 2.9 32 2.3 1.9 -17 
ICC 5124 2.9 16 2.1 2.2 + 5 
ICC 6262 2.2 2 2.3 2.6 +13 
ICC 6981 2.0 18 2.3 2.6 +13 
Mean 2.47 13.8 2.2 2.2 0 
ILC 1929 9.0 94 2.6 0.03 99 
(Susceptible control) 
SE mean to.27 ±5.3 to.2l to.! 7 
CV (%) 16.5 53.7 16.0 14.0 
1. = Ave,.. of 1982/83, 1984/8S, and 1985/86I1e81ODJ. 
2. Scored on allC8le of 1-9, where 1 ::; free and 9 ::; killed. 
Souroc: M. V. Reddy IDd I..B. Sinah. unpubliabed. 
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Progress to Date 
Ascochyta blight 
Though work on ascochyta blight has been going on for 
over 80 years, progress towards managing the disease 
has not been satisfactory. Several effective seed dress-
ing and foliar fungicides have been identified, but their 
application under field conditions has been neither 
feasible nor economical. As many as 12 foliar sprays 
were insufficient to control the disease in a susceptible 
variety under epiphytotic conditions at the Interna-
tional Center for Agricultural Research in the Dry 
Areas (lCARDA) in Syria. Fungicides are often needed 
when it is raining or drizzling and it is not practicable 
to spray. The resistant varieties released from time to 
time in India and Pakistan eventually became suscep-
tible due to the appearance of new races of the pathogen 
(FAO 1963). The extensive resistance breeding work 
undenaken in the ICARDA-ICRISA T joint program 
over the past to years has helped in the identification 
and development of several blight-resistant, high-
yielding kabuli varieties for the Mediterranean region 
(Tables I and 2). However, none was sufficiently 
resistant in India and Pakistan. the two major chickpea-
producing countries (Table 3). It is now well-established 
that the fungus Ascochyra rahiei is highly variable, and 
that the races present in Pakistan and India are more 
aggressive than those prevalent in the Mediterranean 
region (Singh et al. 1984). Lines with resistance in the 
vegetative stage to isolates of A. rahiei prevalent in India 
(Singh et al. 1988) and Pakistan are available, but none 
has resistance in both the vegetative and podding stages. 
PK 51863 x NEe 138-2 the only line resistant under 
field conditions in Pakistan (Iqbal et ai. 1989), showed 
resistance in the vegetative stage to Indian isolates of A. 
rahiei but not in the podding stage (Table 3). 
Reliable inoculation techniques and disease rating 
scales have been developed and standardized (Reddy et 
al. 1984). A system for multilocational evaluation has 
Table 2. Aacocbyta bUpt resistant and bllb-yie.dinl kabuU chickpea cultlvan released in tbe Mediterranean region. 
Year of 
Country Cultivars released release Specific features 
Algeria ILC 482 1988 Wide adaptation 
ILC 3279 1988 Tall 
Cyprus Yialousa (lLC 3279) 1984 Tall 
Kyrenia (lLC 464) 1987 Large seeds 
France TSIOO9 (ILC 482) 1988 Wide adaptation 
TSIS02 (FLIP-81-293) 1988 Cold tolerance 
Italy Califfo (ILC 72) 1987 Tall 
Sultano (lLC 3279) 1987 Tall 
Morocco ILC 195 1987 Mid-taIl 
ILC 482 1987 Wide adaptation 
Spain Fardan (ILC 72) 1985 Tall 
Zegri (ILC 2(0) 1985 Mid-tall 
Almena (lLC 2548) 1985 Tall 
Alcazaba (ILC 2555) 1985 Tall 
Atalaya (ILC 2(0) 1985 Mid-tall 
Syria Ghab 1 (lLC 482) 1986 Wide adaptation 
Ghab 2 (ILC 3279) 1986 Tall 
Tunisia Chetoui (ILC 3279) 1986 Tall 
Kassab (FLIP 83-46C) 1986 Large seeds 
Turkey ILC 195 1986 Mid-tall 
Gunej Sarisi (ILC 482) 1986 Wide adaptation 
Source: K.B. Sinah, penonal communication. 
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Table 3. Eyaluation of ekenpp accessions for resistance aplnst five iIolatel of AKOdI.1'. ,.ble In a lI'owth room at 
ICRISAT Center, 1_. 
CPK2 C 235 
Cieer accession isolate isolate GH 
ICC 202 (USSR) 4 (100)2 5 (100) 
ICC 3996 (Iran) 4 ( 33) 5 (100) 
ILC 72 (USSR) 5 ( 45) 3 ( 93) 
ILC 3279 (USSR) 4 ( 0) 4 ( 59) 
ILC 249 (India) 4 ( 0) 4 (100) 
ICC 1903 (Morocco) 4 ( 33) 5 (100) 
I 13 (ISRAD) 3 ( 25) 5 (100) 
EC 26435 (Morocco) 6 ( 0) 6 ( 80) 
ICC 51276 (India) 4 ( 44) 3 ( 94) 
C 235 (India) 3 ( 67) 5 (100) 
V 138 (Mexico) 5 ( 0) 8 (100) 
ILC 191 (USSR) 5 ( 0) 7 ( 75) 
ILC 2380 (USSR) 3 ( 13) 4 ( 94) 
PCH 128 (Morocco) 4( 9) 6 ( 73) 
CM 72 (Pakistan) 4 ( 0) 7 (100) 
E lOOYM (India) 5 ( - ) 4 ( 83) 
ICC 607 (India) 3 ( 0) 6 (100) 
BG 261 (India) 5 ( 13) 5 ( 70) 
GG 575 (India) 6 ( 33) 6 (100) 
PB 7 (India) 5 ( 38) 7 (100) 
PANT-G-82-1 (India) 5 ( 67) 5 ( 92) 
NEC-138-2 (India) 3 ( 33) 6 ( 82) 
ILC 195 (USSR) 5( 0) 5 ( 67) 
ILC 482 (Turkey) 4 ( 0) 5 (100) 
C. judaicum 4 ( - ) 4 (100) 
C. reticulatum 4 ( 50) 7 (100) 
E-lOOY (HAU) 6 ( 0) 3 ( 88) 
PK51825xCM 72 (Pakistan) 3( 9) 3 ( 91) 
PK51832xCM 72 (Pakistan) 5 ( 0) 5 (100) 
PK51835xCM 72 (Pakistan) 6 ( 0) 5 ( 69) 
PK51863xNEC-138-2 (Pakistan) 4( 0) 3 ( 65) 
I. Scored on a scale of 1-9. where I :: free and 9 = killed. 
2. Filures in parentheses are % pod infection. 
3. (-):: no podset. 
Source: M.V. Reddy et al., unpublished. 
also been built up (Singh et al. 1984). The potential for 
integration of host-plant resistance and a limited num-
ber of foliar sprays in the management of the disease is 
shown in Table 4. Two foliar sprays of chlorothalonil 
at the seedling and early podding stage in a moderately 
resistant cultivar were most cost-effective (Reddy and 
Singh, t 990). Limited infonnation on the genetics of 
resistance to blight exists (Singh and Reddy 1983, 
1989). Some infonnation on the development of dis-
ease in relation to humidity and temperature has been 
Blight score' 
E lOOY Gurdaspur IARI Mixture of 
isolate isolate isolate isolates 
9 (100) 9 (100) 6 ( SO) 8 (100) 
9 (100) 6 ( - )l 6 ( 33) 5 (100) 
5 (100) 6 ( SO) 6 ( 77) 6 ( 69) 
4 ( 89) 6 ( 85) 6 (100) 5 ( 75) 
7 (100) 5(100) 6 (100) 7 (100) 
8 ( 90) 6 ( 80) 8 (100) 7 (100) 
6 (100) 7 (100) 7 ( 89) 6 ( 91) 
7 ( 86) 9 (100) 9 ( 57) 7 ( 25) 
6 (100) 4 ( 75) 7 ( 91) 5 (100) 
5(100) 7 (100) 7 (100) 6 ( 71) 
9(100) 9 (100) 9 (100) 9 ( 71) 
7 ( 67) 7 ( 86) 6 ( 64) 6 ( 80) 
6 (100) 4 ( 43) 6 ( 93) 6 (100) 
6 ( 58) 5 ( 85) 8 ( - ) 7 (100) 
8 (100) 8 ( 50) 8 ( 40) 8 (100) 
6 ( - ) 8 ( - ) 6(100) 6 ( - ) 
5 ( 90) 9 (100) 8 (100) 5 (100) 
6 (100) 9 ( 78) 8 ( 55) 7 (100) 
4 (100) 4 (100) 5 (100) 4 (100) 
7 (100) 9 (100) 6 ( 92) 7 (100) 
4 ( 69) 6 ( 44) 7 (JOO) 3 ( 89) 
5 ( 94) 6 ( 83) 7 ( 75) 5 ( 83) 
5 ( 78) 6 ( 91) 6 ( - ) 6 ( 52) 
6 ( 94) 6 ( 86) 4 ( 54) 5 ( 75) 
6 (100) 4 ( 0) 7 (100) 6 ( 75) 
8 (100) 6 ( 86) 7 (100) 7 ( - ) 
6 (100) 5 ( 67) 5(100) 6 ( 50) 
6 (100) 3 ( 50) 7 ( 67) 5 ( 70) 
5 (100) 5 ( 90) 7(100) 6 ( 90) 
4 (100) 5 ( 75) 5 ( 91) 5 ( 89) 
4 (100) 3 ( 44) 4 ( 67) 4 ( 73) 
obtained (Fig. 2). Temperature is a more critical factor 
than humidity for the epidemic build-up of AB in 
winter-sown chickpeas in the Mediterranean region 
where usually the required humidity exists. 
Botrytis Gray Mold 
Compared to AB, very little work has been carried out 
on BGM. During the past 5 years, there have been some 
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Figure 2. Relationship between temperature, humidity, and development of ascochyta blight 
infection in chickpea genotype ILC 464, Tel Hadya, Syria, 1982/83. 
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Table 41. CoatMbeneflt ratio of two foliar applicatiolll of eblorotbalonil (Bral'o sooe) for eontrol of ueocbyta blipt in 
moderately railtant ebickpea eultl"ar ILC 02, Tel Hady., Syria, 1982/13-1985/". 
Stages of tbe crop wben 
sprayed with chlorothalonil 
Seedling and early podding 
Mid vegetative and early podding 
Seedling and late podding 
l. Aver. of two seuona. 
2. Aver. of tbree KasOns. 
3. At the rate of U.S.S 0.35 q-I of chiclcpea seed. 
... Colt oftwo IpraY' of chlorotbalonil at U.S.S 38.5 ha-I . 
Source: M.V. Reddy and K.B. Sm,h (1990). 
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Yield 
(t ba- I ) 
2.521 
2.l()2 
2.251 
Value of additional 
produce (U .S.S)3 
209.0 
159.5 
JJ5.9 
Cost-benefit 
ratio" 
1;5 
1:4 
1:3 
reports on identification of lines with field-resistance to 
the disease (Table 5) (Rathi et al. 1984; Shukla et al. 
1987; Sahu and Sah (988). However, it appears that the 
reactions of the lines depend very much on disease 
pressure. Almost all lines that showed resistance to the 
disease at Pantnagar (latitude 29"N) in northern India, 
where the disease pressure is usually moderate, showed 
high susceptibility, when tested at Rampur (latitude 
27°N) in Nepal, where the incidence is much higher. 
However, several showed some promise at Nepalganj 
(latitude 28<>N) in NepaJ. where compared to Rampur 
the disease pressure is moderate. Whether this vari-
ation is also due to different races, or only to environ-
mental factors needs to be investigated. Several seed 
dressing and foliar fungicides have been found effec-
tive (Table 6) (Grewal and Laha 1983; Singh and Bhan 
I 986a; Singh and Kaur. unpublished), but. theeconom-
ics of the use of fol iar fungicides for management of the 
disease needs to be worked out. Singh and Bhan 
(1986b) reponed four physiologic races from states in 
nonhern India. Observations made at ICRISATCenter 
Table 5. Chickpea lines resistant to ... a, mold at Ludhl· 
ana, Punjab, India (1981/83-1988/89). 
Average I 
Variety disease score2 
GL 635 3 
GL 699 3 
GL 907 3 
GL 926 3 
GL 930 3 
GL 84133 5 
GL 84038 4.5 
GL 84065 4.5 
GL 84212 5 
GL 86094 4 
ILC 200 5 
ICC 1903 4 
ICC 1905 4.5 
ICC 4000 5 
ICC 4018 5 
ICC 4065 5 
ICC 4950 5 
ICC 5033 5 
P 1528·1 5 
C8 5 
eiecr pinnatifidum 
I. Aver. of 6 ICUOIll. 
2. Scored on a scale of 1-9. where I = free and 9 = killed. 
Source: Gurdip Silllh. unpublished. 
also indicate variability in the pathogen. Field observa-
tions have shown that kabuli types are comparatively 
less susceptible than desi types. Also the tall and 
compact types suffer less than the traditional bushy and 
spreading types. 
Gaps in Knowledge and Constraints 
Ascochyta Blight 
The major gap in our knowledge of the disease is in the 
AB epidemiology. The fungus is known to survive in 
the seeds and infected debris, and it is also known that 
its ability to survive in debris under field conditions is 
less than 2 years. No alternative hosts have been found. 
The recurrence of the disease in severe form. over 
extensive areas, after gaps of up to to years is quite 
puzzling. The likelihood of diseased debris or infected 
seed serving as sources of inoculation in such cases is 
remote. The logical explanation for such epidemics is 
that long-distance dispersaJ of spores has occurred. 
Hard evidence for this possibility is lacking. The role 
of the teleomorph in the epidemiology of blight in the 
Palouse region of USA by long·distance (>8 km) dis-
semination of airborne ascospores has been recently 
reponed by Kaiser and Muehlbauer (1988). Lack of 
information on the nature of pathogenic variability in 
A. rahie; is yet another major gap in our knowledge. 
The major constraint in the management of AB is the 
lack of strong and stable genetic resistance. aJso in wild 
Cicer spp. 
Botrytis Gray Mold 
The epidemiology of the disease. especially the rela-
tionship between temperature. humidity. and disease 
development under field conditions is not understood. 
High levels of genetic resistance are not available. The 
pathogenic variability in B. cin.erea and the distribution 
of races needs further investigation. The influence of 
sowing date. plant population. irrigation, crop dura-
tion, intercropping, and crop rotation on disease buildup 
is also not fully comprehended. 
Future Research Strategies 
Ascochyta Blight 
The suggested future research strategies for the man-
agement of ascochyla blight are listed below: 
1. Concerted efforts should be made to fully under~ 
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Table 6. Effect of seed treatment and one foUar spray on the severity of botrytis Iray mold in chickpea, Ludhiana, 
India. 
Dose 
(gL-1 
Fungicide or g kg-I) 
Bavistin® 2 
Hexacap® 3 
Dithane M.45® 3 
Rovral® 3 
Thiabendazole 2 
Baytan® 2 
Thiram® 3 
Ronilan® 3 
Bayleton® 2 
Bavistin® + Thiram® (I: I) 3 
Topsin-M® 3 
Seed treated 3 
(Bavistin® + Thiram®) 
Control (Seed untreated) 
CD at 5% 
I. Scored on a scale of 1-9, where 1 = free and 9 == k.illed. 
Source: Gurdip Singh and Livinder Kaur. unpublished. 
stand the epidem iology of the disease. The primary 
sources of inoculum forepidemic buildup should be 
identified. The role of alternative hosts and resting 
forms of the fungus. if any. in addition to the 
infected seed. diseased debris. and teleomorph, in 
the perpetuation of the disease needs to be investi-
gated. The means by which the disease spreads 
rapidly over very large areas need to be understood. 
2. The ex.tent of variability in A. rahiei. and its distri-
bution, and the means by which the variability 
occurs. need to be further investigated. Tempera-
ture appears to play some role in the development of 
variability. Sangwan (1989) showed that certain 
isolates of A. rabiei produce more sectoring at 25"C 
than at 20"C in petri dishes. 
3. Further studies on the genetics of resistance to 
blight are needed for mapping of the resistance 
genes. which will help resistance breeding pro-
grams. 
4. Germplasm enhancement for blight resistance is 
important. In the absence of complete information 
on the different genes available for blight resistance 
in chickpea, intercrossing lines with different types 
of resistance, and lines resistant to different races of 
A. rabiei can be undenaken. A single dominant 
gene was found to govern resistance in ILC 72. ILC 
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Disease score l 
1986/87 1987/88 Mean 
1.3 2.5 1.9 
1.0 1.6 1.3 
1.0 1.5 1.2 
2.0 2.5 2.2 
1.6 1.3 1.4 
1.3 1.6 1.4 
1.6 1.5 1.6 
2.3 1.7 2.0 
1.3 1.7 1.5 
1.6 2.0 2.1 
1.6 2.4 2.0 
1.3 2.2 1.7 
6.3 6.3 6.4 
1.4 0.2 0.7 
183. ILC 200. ILC 202, ILC 2956. ILC 3279. and 
ICC 4935. whereas resistance in ILC 191 was 
conferred by a single recessive gene (Singh and 
Reddy 1983. 1989). In all the former lines the same 
gene was found toconfer resistance. but they did not 
show the same resistance pattern against a set of six. 
races (Singh and Reddy 1990). Although there are 
no lines resistant to all races. in both the vegetative 
and podding stage. lines resistant to individual races 
are available (Table 7) (Singh and Reddy 1989). 
Crossing and selection among such lines may result 
in enhanced resistance. 
S. In the past there has been hardly any work on the 
integrated management of the disease. Most efforts 
have been on the development of resistant varieties 
and fungicidal control. Effective seed dressing 
fungicides such as thiabendazole and Calixin M ® 
are now available. One or two foliar sprays of 
chlorothalonil during the podding stage in moder-
ately resistant cultivars have been found very effec-
tive in the control of the disease. More effective 
systemic foliar fungicides with longer residual ac-
tion will make their application more economical 
and practical. Taller and more compact genotypes 
with stronger stems that would not easily break at 
the site of lesions. and with terminal, exposed pods 
Table 7. Chickpea Unes Ihowing rnistance to Itveral nces of A.scocbyta I'IIble/in a p'eenhollle dudy in Syria. 
Genotype Race 1 Race 2 
ILC 72 R R 
ILC 190 R S 
ILC 201 R R 
ILC 202 R R 
ILC 482 R R 
ILC 2506 R R 
ILC 2956 R S 
ILC 3279 R S 
ILC 3856 R R 
ILC 5928 R R 
FLIP 83-48C R R 
ICC 3996 R R 
No. of resistant lines 12 9 
I. R = resistant (3 to 4 rating); 
S = susceptible (6 to 9 rating) on a 1-9 scale, where 
1 = free and 9 = killed. 
Source: Singh and Reddy 1989. 
may also help in minimizing pod infection. Work 
carried out at ICARDA has shown, that when tall 
genotypes are mechanically bent to the ground 
during the podding stage, they develop increased 
pod infection. Thus. combined use of tall and 
compact varieties with resistance to blight, use of 
seed-dressings. and limited foliar sprays of effec-
tive systemic fungicides in the podding stage should 
be helpful in the successful management of blight. 
Botrytis Gray Mold 
Extensive screening in India and Nepal has failed to 
identify high levels of genetic resistance in the chick-
pea germplasm. Lines such as ICC 1069, ICC 1913, 
ICC 3640, ICC 4954, ICC 6299, and ICC 711 I, that 
showed good promise of resistance at Pantnagar over a 
period of 5 years were almost completely killed at 
Rampur in Nepal. Though some lines do not show 
much damage on vegetative parts, they suffer severe 
flower infection resulting in no pod formation. In areas 
where the disease pressure is moderate, there appears to 
be good scope for integrated management of the dis-
ease. A field experiment at Pantnagar during the 1988/ 
89 season indicated that the disease incidence was 
much lower in a tall and compact genotype (ICCL 
Reaction to races' 
Race 3 Race 4 Race 5 Race 6 
R R S S 
R S R S 
S R R S 
R R R S 
S S R S 
S R S R 
R S R R 
R R R S 
R R S R 
S R R R 
R S R S 
R S S S 
8 7 8 4 
87322) than in a bushy and spreading type (H 208) 
(Table 8). In both genotypes, there was a large increase 
in yield when interrow spacing was increased from the 
normal 30 cm to 60 cm, keeping the plant population 
constant. Intercropping experiments at Nepalganj in 
Nepal also indicated that when chickpea was intercrop-
ped with linseed there was a marginal increase in 
chickpea yield, and the linseed yield was a bonus 
(Onkar Singh 1988). Plant architecture changes sug-
gested for reducing susceptibility of AB should also be 
useful in the management of BGM. Thus combined use 
of genetic resistance in the tall and compact plant type 
background, increased interrow spacing and intercrop-
ping with crops such as linseed, and a limited number 
of foliar fungicide sprays during the flowering and 
podding period may prove very effective in the man-
agement of this disease. 
Germplasm enhancement and utilization of related 
wild species are also suggested as promising avenues to 
attain resistance that could be used in the management 
of the disease. 
Other Diseases 
Some of the strategies adopted for management of AB 
and BG M such as wider row spacing and use of tall and 
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Table I. I .... uena olarowth bablt 01 cbickpea leDo-
typea and inter and intra..,.ow _pacini on botrytis Iray 
IIIOId aeverity and .... in yield, Pantnalar, 1911/89. 
Disease score Yield 
Treatments I on )·9 scaJe2 (t ha- I) 
Sprayed with Ronilane 
ICCl 87322 (30x lOem) 4.3 (1.S)3 3.5 
ICCl 87322 (60 x Scm) 3.3 (1.2) S.2 
H 208 (lOx lOem) 6.7 (1.9) 2.8 
H 208 (6O IC Scm) S.O (1.6) 3.1 
Mean 4.8 (1.6) 3.7 
No spray 
fCCl 87322 (lOx 100m) S.O (1.6) 3.4 
ICCl 87322 (6O IC Scm) 4.1 (1.4) 4.5 
H 208 (30 1C 100m) 8.0 (2.1) l.0 
H 208 (6O IC Scm) 7.1 (1.9) 1.9 
Mean 6.1 (1.8) 2.7 
SE ±O.9 (0.2) ±O.14 
CV% 15.8 (10.0) 4.3 
1. ICCL 87322 is tatl and compact and H 208 is bushy and 
spreading. 
2. S<:ored on a scale of 1-9, where I = free and 9 = k.iIled. 
3. Figures in parentheses are loge values. 
Source: M.V. Reddyet at. unpublished. 
compact genotypes may also help in minimizing other 
diseases. For ex.ample. in Bangladesh. tall. compact 
genotypes suffer much less from stemphylium blight 
than do the traditional spreading genotypes. Search for 
sources of genetic resistance may prove fruitful. Kabuli 
types were found to suffer less from stemphylium 
blight in Bangladesh than did desi types. 
Multiple Disease Management 
It is essential to develop management practices effec-
tive against combinations of foliar diseases. Though 
the two major diseases have specific zones of occur-
rence, there are cenain regions such as northwestern 
Uttar Pradesh and Punjab in India, and Punjab in 
Pakistan where these overlap in certain seasons. Stem-
phylium and ascochyta blights generally occur along 
with botrytis gray mold. Unless the research efforts on 
foliar diseases are considerably increased. it will not be 
easy to develop management practices for all the fol iar 
diseases in chickpea. Development of cold-tolerant 
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chickpea cultivars that can mature by the end of the 
winter (end of February) in India. Pakistan. Bangla-
desh. and Nepal when the temperatures are lower than 
15"-25"C may help in avoiding most of the foliar 
disease problems as the low temperatures will not favor 
epiphytotics. 
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Integrated Management of Wilt and Root Rots of Chickpea 
M.P. Haware1, R.M. Jimenez-Diaz2, K.S. AminJ• 
J.C. Phillips4, and H. Halila5 
Abstract 
Important root diseases of chickpea caused by fungi are wilt (Fusarium oxysporum fsp. ciceri), 
dry root rot (Rhizoctonia bataticola), black root rot (F. solani and F. eumanii), collar rot 
(Sclerotium rolfsii), and damping off (Pythium uitimwn). All these pathogens are competitive 
facultative saprophytes which can survive indefinitely in the soil. The existence of races in 
F. oxysporum f.sp. ciceri calls for continued monitoring and multi/ocational testing of breeding 
lines. The research conducted in India, Mexico, Spain, Tunisia. USA. and at ICRISAT Center 
resulted in the development of wilt-resistant chickpea cultivars. Combined resistance to wilt and 
dry root rot is now available. However. only an integrated disease management system (lDM) 
can effectively control wilt and root rots in chickpea. IDM employs many strategies that include 
use of resistant cultivars, production of healthy seeds, modification of cultural practices, seed 
treatment, and use of biological forms to counter pathogens. 
Resume 
Lutte integree contre Ie Detr/ssement et Jes pourritures des racines du pols cb/cbe : Le 
fJ6trissement fusarien (Fusarium oxysporum lsp. ciceri), la pourriture seche des racines 
(Rhizoctonia bataticola), la pourriture noire des racines (F. solani et F. eumartii), la pourri-
ture du collet (Sclerotium rolfsii), et la fonte des semis (Pythium ultimum) sont les impor-
tantes maladies des racines du pois chiche causks par les champignons. Tous ces agents 
pathogenes sont des saprophytes facultatifs concurrentie1s qui pcuvent survivre indeJiniment 
dans Je sol. L 'existence de races chez F. oxysporum lsp. ciceri exige une surveillance constante 
et des essais multilocaux de Jignees de selection. Les travaux de recherche entrepris en lnde, au 
Mexique, en Espagne, en Tunisie, aux Etats-Unis et au Centre lCRlSAT ont permis de mettre 
au point des cultivars de pois chiche resistants au fl6trissement. La resistance combinee au 
fletrissement et A la pourriture seche des racines cst disponible aujourd 'hui. Toutefois; seul un 
systeme integre de lutte contre les maladies pourra efficacement lutter contre le fletrissement et 
les pourritures des racines chez le pois chiche. Le systeme emploie plusieurs strategies pour la 
lutte contre les pathogenes, notamment l'utilisation de cultivars resistants, la production de 
semences saines, la modiflcation des pratiques cUlturaJes, le traitement des semences et 
l'utiJisation des formes biologiques. 
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Soiloome fungal diseases of chickpea causing seed rot, 
damping-off, root rots, collar rots and wilt are cosmo-
politan. Chickpea wilt caused by Fusarium oxysporum 
Schlecht. emend Snyd. & Hans. f.sp. ciceri [Padwick] 
Snyd. & Hans. (Foe) is widespread and reported from 
almost al1 the chickpea growing regions in the world. 
At least 7 races of Foe are reported (Haware and Nene 
1982b; Philips 1988 and Jimenez-Diaz et al. 1989). 
Wiltcaused by Verticillium albo-atrum Reinke & Berth 
has been reported to cause heavy losses in chickpea in 
Tunisia (Halila and Harrabi 1987). Several fungal 
pathogens that cause seedling diseases and root rots of 
chickpea are reported in the literature. The important 
root rot pathogens are Rhizoctonia bataticola (Taub) 
Butler (=Macrophomina phaseolina (Tassi) Goid), 
Sclerotium rolfsii Sacc., F. solani (Mart.) Appel & Wr., 
F. eumartii Carpenter, Thielaviopsis basicola (Berk. & 
Br.) Ferr., and Pythium ultimum Trow. 
No precise information on losses caused by wilt and 
root rots in chickpea is available. According to a rough 
estimate, an annual loss of US $ 1 million was reported 
from Pakistan (Sattar et al. 1953). In Spain an annual 
yield loss of 12-15% was estimated due to chickpea wilt 
and root rots (Trapero-Casas and Jimenez-Diaz 1985). 
The production of chickpea in California has declined 
in recent years largely because of chickpea wilt. At 
ICRISA T, attempts were made to estimate losses in 
yield on a per plant basis. Early wilting caused more 
loss than late wi1ting. Seed harvested from tate wilted 
plants was less heavy and duller than that from healthy 
plants (Haware and Nene 1980). 
Soiloorne diseases are difficult to control. Integrated 
management of wilt and root rots thus requires many 
strategies to maintain plant health. The strategies 
include minimum use of chemical fungicides to reduce 
the pathogen population, encouragement of beneficial 
biological agents to counter the pathogen, modification 
of cultural practices and use of resistant host species. 
The purpose of this paper is to identify and integrate 
logical approaches to chickpea wilt and root rot man-
agement. 
Ecology and Epidemiology 
The root diseases of chickpea are important in areas 
between latitudes 0" to 25° where the chickpea growing 
season is dry and warm. The behavior of root-infecting 
fungi in the soil is a complex subject. Factors important 
in the epidemiology of root-infecting fungi are inocu-
lum density and pathotype in the soil, plant age, host 
resistance and its genetic potential, air and soil tem-
perature, soil moisture, soil nutrients, and plant density. 
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Chickpea wilt can be observed in a highly suscep-
tible cultivar within 25 days after sowing. Affected 
seedlings show drooping of the leaves and a paler color. 
Adult plants show typical wilt symptoms. The roots do 
not show external rotting, but when split vertically they 
display a brown discoloration of the internal tissues. 
Isolates of Foe induce either a fast wilting or progres-
sive yellowing syndrome which develops 15 to 40 days 
after inoculation. The fungus is seed and soilborne. 
Lentil, pea, and pigeonpea were identified as symptom-
less carrier of the fungus (Haware and Nene 1982a). It 
can survive in the soil in the absence of the host for at 
least 6 years (Haware et al. 1986). 
Several fungal pathogens, each causing seedling 
diseases and root rots of chickpea, have been reported. 
Dry root rot caused by R. bataticola is a serious disease 
whenever the crop is exposed to temperatures >30" C 
(Singh and Mehrotra 1982). The disease development 
is influenced by dry soil conditions especiaIly at flow-
ering. The plant suddenly dries in the field. The leaves 
and stems of affected plants are usually straw colored. 
The tap root is dark and quite brittle in dry soil. The 
dark black sclerotia can be observed on and within host 
tissues. Rhizoctonia is soilborne and sclerotia, formed 
on the organic residue and in the host tissues. become 
the chief source of inoculum. The pathogen has a wide 
host range. 
Collar rot caused by S. rolfsii is seen in wet soil and 
at warm temperature in the seedling stage. Despite 
more or less continuous research over 100 years. the 
pathogen continues to plague growers and cause con-
siderable loss. High soil moisture, the presence of 
undecomposed organic matter on the soil surface, low 
soil pH. and temperature between 2SO and 3O"C are 
associated with the incidence of collar rot. Chickpea 
following rice particularly suffers from collar rot in-
fection. F. solani. F. eumartii, and T. basicola infected 
chickpea, often has severe black root rot symptoms. 
Pythium ultimum causes seed-rot and seedling blight. 
These four pathogens are favored by wet soil condi-
tions and mostly attack chickpea in the seedling stage 
(Bowden et al. 1985; Trapero-Casas and Jimenez-Diaz 
1985). Kabuli types are more susceptible to root rot 
pathogens than desi types. It is common for more than 
one soiloome pathogen to occur in the same field. 
Control Measures 
Cultural Practices 
Soiloome pathogens persist in the soil. While it is 
difficult to eliminate the inoculum from the field, an 
approach that can minimize the effects of these diseases 
on yield in areas where availability of land is not 
limiting is to avoid planting in heavily infested fields. 
The fusarium wilt fungus has the ability to survive in 
the soil for long periods. Therefore crop rotation is not 
effective in reducing wilt incidence. Another method 
of reducing inoculum is deep plowing during the summer 
and removal of host debris from the field. 
Pre-emergence damping-off due to R. bataticola 
does not occur at low temperature, while the disease 
attack is maximal at 34OC. In India, early sowing of 
early-maturing cultivars with timely irrigation can avoid 
high temperature above 30"C during crop maturity, 
thereby reducing mortality. Research in the Pacific 
Northwest of USA shows that tillage and residue man-
agement can markedly influence the severity of root rot 
in pea (Kraft et al. 1988). Recommendations for 
controlling S. rolfsi; emphasize the importance of 
sanitary and cultural practices. These include roguing, 
increasing plant spacing, eliminating weed hosts and 
removing host tissues from the soil surface. Chickpea 
should not be sown under wet soil conditions to reduce 
seed rot and pre-emergence damping off. 
Soil solarization. A multidisciplinary team effort at 
ICRISA T Center during 1984-87 clearly showed, that 
solarization by covering the soil with transparent poly-
thene sheeting for 6-8 weeks during April-May effec-
tively controls fusarium wilt in chickpea and also 
improves plant growth and yield (Chauhan et al. 1988). 
Seed 
It is important to make high quality chickpea seed 
available to farmers for sowing. A seed production 
program for food legumes is not taken up by most of the 
national programs and seed agencies. Seed should give 
high gennination and plant vigor, and be pure and free 
from seed borne diseases. Emergence differs with color 
of the testa in chick.pea. White seeded kabuli types 
emerge poorly in comparison with desi types which 
have brown or black testae (Kaiser and Hannan 1983). 
The white testae of the kabuli types adhere loosely to 
the coty ledons compared to the close adherence of 
colored testae. 
Seed Tr.tment 
Combined use of host resistance with fungicide results 
in better seedling emergence and may delay the onset of 
root rots. F. oxysporum f.sp. cieer; is internally seed-
borne, and seed dressing with Benlate® T (30% beno-
my 1 + 30% thiram) at 1.5 g kg· 1 seed successfully 
eradicates the seedborne inoculum (Haware et al. 1978). 
Seed dressing with protectant or systemic fungicides 
used singly or as a mixture, significantly increased 
seedling emergence in moderately susceptible chick-
pea cultivars (Jimenez-Diaz and Trapero-Casas 1985). 
Seed treatment with Caplan, Thi~, or PCNB® at 2.5 
g kg· 1 seed reduces the pre-emergence damping off. 
Metalaxyl® (0.3 g kg· 1 a.i.) and Captan (3 g kg· 1 a.i.) are 
very effective seed treatment fungicides for preventing 
seed rot and preemergence damping off caused by 
Pythium sp (Kaiser and Hannan 1983). Seed treatment 
with Rizolex® 50 WP alone at 3 g kg· 1 and in a mixture 
of Rizolex® 50 WP and Thiram 75 WP in I: 1 propor-
tion (3g kg· l ) was effective in controlling collar rot of 
chickpea (Haware, M.P., ICRISAT Center, unpub-
lished data). 
Biological Agents 
~' 
Biological control of soilborne pathogens by means 
other than thennal inactivation is also encouraged by 
solarization. Penicillium pinophilum was found to be 
encouraged in solarized soil in wilt-sick plots. The 
fungus was found antagonistic to FOC when it was 
introduced in wilt-sick soil in pots in a greenhouse 
experiment and to some extent in the field (Haware, 
unpublished data). Streptomyces diastatieus is re-
ported to suppress the growth of S. rolfsii and reduce 
seedling mortality (Singh and Reddy 1979). Seed treat-
ment with conidia of Penicillium oxalieum significantly 
reduced seed rot and preemergence damping off of 
chickpea caused by P. ultimum in two naturally infested 
soils from the Palouse region in eastern Washington, 
USA (Kaiser and Hannan 1984). The extent to which 
natural biocontrol is operative is not yet known in 
soilborne pathogens. It is frequently associated with 
the addition of organic matter to the soil. 
Plant Resistance 
At ICRISAT Center, Patancheru, India, effective field-
screening and laboratory procedures have been devel-
oped and wilt resistance sources identified (Nene and 
Reddy 1987). Some of them such as ICC 12237 and 
12269 have additional resistance to dry root rot and 
black root rot (Nene 1988). Multilocational testing for 
fusarium wilt and root rots has been carried out through 
active cooperation between national programs and 
ICRISAT, and stable resistance has been found. Over 
150 wilt resistant sources are available at ICRISAT. 
Wilt resistance has been incorporated into high yield-
131 
ing desi and kabuli backgrounds. Wilt-resistant short-
duration kabuli cultivars ICCV 2, 3, 4, and 5 escape 
tenninal drought in South and Central India (Kumaret 
al. 1985). Chickpea lines, Avrodhi, BG 246, ICCC 32, 
and ICCC 42 were found to be resistant at several 
locations in India in multilocation testing. In spite of 
the existence of rac~ in F. oxysporum f.sp. cieeri, it has 
not been difficult to identify a high level of resistance 
that is operative at severa~ locations. Chickpea breed-
ing programs at Culiacan and Sonora in Mexico have 
several advanced wilt resistant lines (Morales 1986). 
In California, a wilt-resistant cultivar Surutato 77 from 
Mexico was introduced in 1980 and presently covers 
most of the chickpea area. Recently two large seeded 
kabuli cultivars UC 15 and UC 27 have been released 
(Buddenhagen et al. 1988). Screening trials in a fusar-
ium wilt sick plot at Cordoba. Spain in 1987 and 1989 
indicated the wilt resistance in some small seeded 
kabuli gennplasm from ICARDA. Field screening in a 
wilt sick plot at Beja, Tunisia resulted in identifying the 
wilt-resistant chickpea cultivar Amdoun 1 in 1986. 
Conclusion 
Disease management is an integral component of 
chickpea crop production. Grain legumes are widely 
grown in developing countries where resources avail-
able to fanners are limited. Only an integrated man-
agement system can effectively control root pathogens. 
The benefit derived from the development of resistant 
cultivars can be maintained only by using cultural and 
management practices known to reduce disease sever-
ity. The disease development depends on the initial 
inoculum density. the infection rate. and the duration 
and stage of the plant host. Therefore. control methods 
to prevent a disease epidemic should be aimed at 
reducing the initial inoculum density. the survival and 
dispersal of inOCUlum, the rate of infection and the time 
the crop is exposed to infection. 
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Progress and Problems in the Management of Nematode 
Diseases 
N. Greco· and S.B. Sharmal 
Abstract 
Several nematode species have been reported to be associated with chickpea. A few of these 
cause severe damage to this pulse crop. Root-knot nematodes, Meloidogyne arenaria. M. incog-
nita. and M. javanica infect chickpea in the Indian sub-continent, and M. artiellia is noxious in the 
Mediterranean basin. The cyst nematode, Helerodera ciceri, causes yield reduction in northern 
Syria. The root-lesion nematodes, Pratylenchus thornei and Pratylenchus spp, and the reniform 
nematode, Rotylenchulus renifonnis, have also been reported to reduce yield in chickpea. 
Nematodes cause root vascular and parenchyma disorders, suppress rhizobium nodulation. and 
interact with several soilborne fungi. Infested plants suffer drought stress, earlier senescence. 
and yield poorly. Crop rotation can provide good control ofH. cieeri and M. artiellia because of 
their rather narrow host ranges. but not of the other Meloidogyne species, Pratylenehus spp. and 
R. renifonnis, which are polyphagous. A suitable chickpea cultivar with resistance to nematodes 
is not available. Therefore investigations are required to enable development of crop management 
strategies that can be utilized to maintain nematode populations below threshold levels. Also, 
sources of nematode resistance in chickpea need to be identified for use in future breeding 
programs. 
Resume 
Prolres et prob/~m5 de I. lutte hcontre les mlll.dies proroquu. pu 15 nem.tod5: Plu-
sieurs esplxes de nematodes ont ete signalees en association avec Ie pois chiche. Quelques 
especes provoquent des de gAts importants Ii cette legumineuse. Les nematodes galligenes, 
Meloidogyne arenaria, M. incognita, et M. javanica in/estent Ie pois chiche dans Ie so us-
continent indien et M. artiellia est nuisible dans Ie bassin m&iiterraneen. Le nematode du 
kyste, Heterodera ciceri, occasionne les penes de rendement en Syrie du Nord. Les nematodes 
des lesions, Pratylencbus tbornei et Pratylencbus spp, et Ie nematode rtniforme Rotylencbu-
Ius reniformis. ont egalement ete lies aux r&iuctions de rendement chez Ie pois chiche. Les 
nematodes provoquent des troubles du parenchyme et des tissus vasculaires des racines, 
suppriment la nodulation du rhizobium et interagissent avec plusieuTS champignons transmis 
par Ie sol. Les plantes infestees subissent Ie stress hydrique, la senescence precoce et les penes 
de rendement. La rotation des cultures permet une bonne maltrise de H. ciceri et M. artiellia. 
etant donne leur etendue d 'h6tes assez limitee, mais il n ~n va pas de meme pour les autres 
especes Meloidogyne, les Pratylenebus spp, et R. reniformis, qui sont polyphages. On ne 
dispose pas d 'un cultivar con venable de pois chiche resistant aux nematodes. Des recherches 
sont donc necessaires pour permeUre l'elaboration des strategies de gestion des cultures qui 
I. NemalOlogist. Consiglio Nazionale delle Ricerche. IstiMO di Nematologia Agraria Applicata ai Vegetali. via Amendola. 16SIA. 70126 
Bari. Italy. 
2. Plant Nematologist. Legumes Program. International Crops Research Institute for the Semi-Arid Tropics (lCRISAT), Patancberu, Andhra 
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Cbdoa: ICRISAT (International Crops Resean:h Institule for the Semi-Arid Tropics). 1990. Chickpea in the Nineties: proceedings of the 
Second International Workshop on Chickpea Improvement. 4-8 Dec 1989, ICRISAT Center, India. Patancheru. A.P. 502 324. India: 
ICRISAT. 
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peuvent !tre utilisees pour maintenir les populations de nematodes en-dt:fB des niveaux sew/. 
Par ail leurs. les sources de resistance aux nematodes chez Ie pois chiche devraient ~tre 
identifiees en vu d'une eventuelle exploitation dans des prcyrammes de selection. 
Nematodes are a major constraint in growing chickpea 
(Cicerarietinum L.) (Greco 1987; Shanna 1988; Sikora 
and Greco, in press). They damage roots causing 
vascular disorders, and extensive necrosis, suppress 
rhizobium nodulation, reduce grain quality, and may 
increase the severity of many soilborne diseases. 
Symptoms of nematode attack are not specific on aerial 
parts, their intensity varying with nematode population 
densities at sowing and environmental conditions. In-
fected plants are stunted, chlorotic, early senescing, 
poorly producing, and have a reduced grain protein 
content (Sikora and Greco, in press). 
Even though several nematode species have been re-
ported in chickpea, only a few are very noxious. These 
are discussed here. 
Major Nematodes of Chickpea 
Root-knot nematodes,Meloidogyne.spp .. are the world's 
most widespread and most damaging plant-parasitic 
nematode group. Among them Meloidogyne incognita 
(Kofoid and White) Chitw., M.javanica (Treub) Chitw. 
and to a less extent, M. arenaria (Neal) Chitw., are of 
importance in the Indian sub-continent, and M. artiellia 
Franklin in the Mediterranean area. Infected roots 
show characteristic galls. whose size depends upon 
nematode species and plant cultivar. The first three of 
these species have wide host ranges, including wild 
plant species. In India. M. incognita and M. javanica 
are reported to attack more than 141 and 232 plant 
genera, respectively. These species prefer hot weather 
and can cause serious problems in regions where 
summers are long and winters are short and mild. such 
as peninsular India. However. severe damage also 
occurs in northern India and in the terai region of Nepal 
where minimum temperatures fall below t 5°C for many 
days during the winter crop season. The tolerance 
limits of host plants to Meloidogyne spp is usually less 
than I egg cm-3 of soil. Consistent efforts have not 
been made to estimate damage caused by root-knot 
nematodes to chickpea on a national basis in India, 
Nepal, or Pakistan. However. some estimates of yield 
loss based on nematicide tests and on surveys of the 
crop, indicate that losses due to Meloidogyne spp. can 
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be negligible to very high in many pans of India and in 
the terai region of Nepal. 
Meloidogyne artiellia can infect chickpea even at 
soil temperature below 15° C (Oi Vito and Greco 1988a). 
Galls caused by this nematode are small or may be 
absent and the only visible symptoms on infected roots 
are egg masses. These can be seen by early April on 
roots of winter chickpea. M. artiellia survives during 
dry seasons as an hydro biotic second-stage juveniles. 
Its host range is confined to cereals, legumes, and 
crucifers (Sikora and Greco, in press). 
Spring chickpea is more susceptible to M. artiellia 
than winter chickpea, the tolerance limits being of 
0.016 and 0.14 egg cm" of soil, respectively. Complete 
crop failure would occur in fields infected with more 
than ] egg cm') of soil (Oi Vito and Greco 1988b). 
Although M. artiellia is widespread in the Mediterra-
nean area, severe damage to chickpea has only been 
reported from Italy, Spain, and, especially. from Syria. 
The chickpea cyst nematode, Heterodera ciee,; Vovlas. 
Greco and Oi Vito. has been reported from northern 
Syria and is the only cyst nematode that causes severe 
damage to chickpea. It develops when soil temperature 
rises above 10" C. Cysts occur by late April onwards 
and persist in the soil over several years (Greco et al. 
1988). Infected roots show small necrotic spots from 
which females emerge later. 
H. cicer; causes damage whenever its population 
densities exceed I eggg· 1 of soil (Grecoetal. 1988) and 
complete crop failure occurs at 64 eggs g I of soil. Its 
host range is, however. rather narrow compared to root-
knot nematodes. Other good hosts are lentil. pea and 
grass pea, while reproduction on wild legumes is un-
known (Sikora and Greco, in press). 
Among root-lesion nematodes Pratylenchus tl/Orne; 
Sher and Allen is distributed worldwide and damages 
chickpea in Syria and India (Walia and Seshadri 1985; 
Sikora and Greco. in press). Other Pratylenchus spp. 
(P. zeae, P. brachyurus) are also common on legumes 
and may infect chickpea as well. They cause cavities 
within the cortical parenchyma. Infected roots show 
many necrotic segments. Even though P. thornei 
seems to develop better from faJl to early spring. lesion 
nematodes are adapted to a large variely of environ-
mental conditions and have large host ranges. Oamage 
caused by P. thornei is less impressive than that caused 
by the previous species, but the tolerance limit of 
chickpea to this species has not been determined in the 
field. 
Rotyienchuius reniformis Linford et Oliveira has 
been found associated with chickpea decline mainly in 
India, where it seems to be noxious when its population 
densities exceeds 0.5 specimen cm- 1 of soil. The 
nematode has a wide host range including wild species. 
Management Problems 
Chickpea is a rather low benefit crop. Chemical control 
although effective would be uneconomic. The efficacy 
of seed treatments needs confirmation (Greco and 
Sikora, in press). Soil solarization, which would be 
highly effective in most of the chickpea growing areas, 
is also expensive, and the use of soil amendments is not 
practicable. Crop rotation still remains an economic 
and effective way to prevent yield losses. H. ch'eri can 
be controlled easily by rotating chickpea with non-
leguminous crops. Good control of M. artielliacan also 
be achieved by alternating chickpea with crops other 
than legumes, cereals, and crucifers. Unfortunately the 
other Meloidogyne spp., P. thornei, and R. reniformis 
have large host ranges and their control by crop rotation 
is more difficult. As reported earlier, in India M. in-
cORnita andM.javanica attack many plant genera. These 
Melo;dogyne species usually do not reproduce on winter 
cereals. Therefore cereals can be satisfactorily rotated 
with chickpea. While Pratylenchus thorne; develops 
better on winter and spring than on summer crops. Care 
must also be taken to prevent the growth of weed hosts 
that may support and increase nematode populations. 
Postponing the sowing of chickpea when the soil tem-
perature is unfavorable to root-knot nematodes, would 
provide satisfactory control in northern India, Nepal, 
and Pakistan. 
Suggestions for Future Investigations 
The above control measures require an accurate exten-
sion service and knowledge of the distribution of 
nematodes, their races, biology, dynamics, host rela-
tionship, and the yield losses they cause under different 
environmental conditions. Unfortunately such infor-
mation is lacking for most chickpea growing areas. A 
major problem is the small number of chickpea nema-
tologists involved. When compared with other impor-
tant crops, very little research has been done on nema-
tode problems of chickpea. However, awareness of 
nematode problems in chickpea is increasing gradually 
and this trend is likely to continue. Therefore, surveys 
should be encouraged to focus more on the nematode 
problems of the crop. Investigations should be encour-
aged to identify sources of resistance for future breed-
ing programs. Since several pathogens might affect 
chickpea in the same area, it is suggested that coopera-
tive breeding programs be undertaken to release cult i-
vars having resistance to more than one pathogen. It is 
important to acquire information for development of 
crop management strategies to maintain nematode 
populations below critical threshold levels. 
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Viral Diseases of Chickpea 
W..J. Kaiser1, A.M. Ghanekar, Y.L. Nenel, B.S. Raol, and V. Anjaiah" 
Abstract 
At least 16 viruses have been identified as natural chickpea pathogens in chickpea-producing 
countries. Chickpea viruses occur in the following groups: alfalfa mosaic virus. carla virus , 
ilarvirus, luteovirus. nepovirus, pea enation mosaic virus, potyvirus. and rhabdovirus. The 
economic importance of these diseases needs to be determined. The relationship of sowing date, 
plant density, insect vector biology, environmental conditions, and alternative hosts to disease 
development and spread needs to be studied. Chickpea diseases caused by viruses are 
frequently attributed to other causes, such as soilborne pathogens. Losses due to virus diseases 
of chickpea can increase dramatically when the culture of the crop shifts from summer to winter 
sowing, as occurred recently in California, USA. Improved techniques are needed to detect, 
identify, and characterize viruses of chickpea, particularly those in the luteovirus group. Efforts 
at controlling major virus diseases of chickpea by various means, especially by host-plant 
resistance, need to be intensified. Breeding for disease resistance is an area where new 
technologies can play an important role in the not-too-distant future. 
Resume 
MtJI.dJes "inlJes du pois cbJcbe : Au moins 16 virus ont ttt identifits comme ttant les 
pathogeDes naturels du pois chiche dans les pays producteurs. Les virus du pois chiche se 
trouvent dans les groupes suivants : virus de la mosaIque de la luzerne, carlavirus, ilarvirus, 
luttovirus, nepovirus, virus de la mosaIque verruqueuse du pois, potyvirus et rhabdovirus. 
L'importance tconomique de ces maladies devrait 8tredeterminte. Le rapport entre la date de 
semis, la densitt du peuplement,la biologie des insectes vecteurs, les conditions de 1 'environ-
nement et les hIJtes de remplacement dune part, et Ie developpement et l'extension de la 
maladie, d'sutre part, devrait egalement 8tre etudie. Les viroses du pois chiche sont souvent 
attributes a d 'sutres causes, comme les pathogenes transmis par Ie sol. Les pertes occasionntes 
par les viroses du pois chiche peuvent s'intensifier de maniere ttonnante lorsque la culture 
passe des semis d 'ttt aux semis d lliver, comme cela s 'est produit recemment en Californie, aux 
Etats-Unis. Des techniques Bmtliortes sont n&:essaires pour dtpister, identifier et caracttriser 
les viroses, particulierement ceJles du groupe luttovirus. Des efforts pour lutter contre les 
principales viroses du pois chiche par divers moyens, surtout a l'aide de la resistance de la 
plante-hbte, doivent 8tre intensifits. La stlection pour la resistance aux maladies est un 
domaine dans lequel des technologies nouvelles peuvent jouer un r6le important dans un 
avenir proche. 
1. Research Plant Pathologist. United States Department of Aariculture (USDA). Aaricultural Research Service (ARS). Regional Plant 
InlrOduction Station. 59 Johnson Hall, Washington State University, Pullman. WA 99164-6402. USA. 
2. Plant Pathologist. Legumes Program. ICRISAT Cooperative Research Station. Hll)'aDa Aaricultural University Campus. Hiur 125 004. 
Hll)'ana. India. 
3. Deputy Director General. and Research Associates. International Crops Research Institute for the Semi-Arid Tropics (ICRlSAT). 
Patancheru, Andhra Pradesh .502 324. India. 
ICRISA T Conference Paper No. CP 587. 
Citation: ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Chick.pea in the Nineties; proceeding, of the 
Second International Workshop on Chick.pea Improvement. 4-8 Dec 1989. ICRISAT Center. India. Patancheru. A.P . .502 324. India: 
ICRISAT. 
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Session 4 
Main Items of Presentations and Discussions 
• Foliar diseases are most important in the high-
productivity chickpea-growing areas between 
latitudes 250 to 450 N, 
• The main foliar diseases are ascochyta blight and 
botrytis gray mold. Strongly expressed, durable 
resistance against these diseases has not been 
identified in the germ plasm or obtained through 
breeding. 
• Scope for control rests with integrating host-plant 
resistance, row spacing. timely application of fo-
liar fungicides. and suitable plant geometry. 
• The ultimate goal of research on ascochyta blight 
is to develop durable resistant varieties, but 60 
years of efforts have not solved the problem. 
Major reasons for this are inadequate knowledge 
of pathogen variability, and of environmental ef-
fects on disease deve10pment. Assumptions on 
resistance and resistance genetics may thus have 
been confounded, and therefore, new approaches 
such as partial resistance breeding, and more in-
formation on pathogen/host/environment interac-
tions are needed. 
• In Punjab, India, 12 races of ascochyta blight have 
been reported, and by screening 10 000 
germplasm lines, 200 lines graded 3-4 on a 1-9 
scoring scale (where 1 =free and 9=killed) could 
be identified, 
• Research in Nepal showed that intercropping 
chickpea with flax reduced damage from botrytis 
gray mold. 
• Wilt and root rots are globally important chick-
pea diseases, and are particularly damaging un-
der high temperature and drought conditions. 
• An integrated management approach. that en-
compasses host-plant resistance, seed health, ap-
propriate cultural practices, and biological ma-
nipulation, are required for wilt and root rot con-
trol. 
• Race 0 of fusarium wilt, a Spanish isolate, is not 
pathogenic to JG 62, a cultivar susceptible to six 
other identified races. 
• Although field screening for individual soilborne 
diseases is complicated by the development of 
pathogenic mixtures in the soil, the different dis-
eases can often be distinguished as they produce 
different symptoms, and tend to exclude one an-
other after plant infection. 
• Several nematode species are harmful to chick-
pea. The most important are root-knot 
(Meloidogyne spp.), cyst (Heterodera ciceri), and 
lesion (Pratylenchus spp.) nematodes. 
• Nematode resistant genotypes need to be identi-
fied. and appropriate crop management practices 
developed for nematode control: these should in-
clude crop rotation, adjustment of sowing dale. 
solarization, and nematicide application. 
• There may be a relationship between soil type 
and nematode incidence. For instance, light sandy 
soils show more nematode incidence than heav-
ier soils. 
• There are at least 13 viruses associated with 
chickpea. Their epidemiology, crop damage po-
tential, distribution and host-plant range are not 
well documented, while little is known about host-
plant resistance. 
• Chickpea seed introduced into California con-
tained seedborne viruses in 10% of the samples. 
A virus-tolerant genotype has been identified in 
California and recommended for use in breeding 
programs. 
Recommendations 
Ascochyta Blight 
• There is a need to better understand the biology 
and ecology of the pathogen. 
• High priority must be given to understanding the 
epidemiology of the disease at different locations. 
Studies on the teleomorphic stage and the role it 
plays in the dissemination and survival of the pa-
thogen need to be undertaken in different areas. 
• Research on pathogenic variability is needed in 
terms of host specificity and aggressiveness. Such 
research should be carned out with standardized 
methodology. 
• A high level of resistance to the pathogen does 
not exist in currently used cultivars. Therefore. a 
program for germplasm enhancement for better 
blight resistance should be undertaken. 
• There is a need for innovative resistance breed-
ing programs that include biotechnology. and for 
a better understanding of the genetics of disease 
resistance. 
• The establishment of an informal working group 
organized by ICARDA/ICRISA T on ascochyta 
blight of chickpea is proposed to encourage the 
exchange of information and cooperation in re-
search on the disease. 
Wilt and Root Rot 
• There is a need to use the standard technique de-
veloped at ICRISA T for the identification of races 
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of the fusarium wilt pathogen and to study the 
genetics of resistance to these races. 
• Sources of resistance to fusarium wilt are avail-
able in the chickpea gennplasm. However. greater 
emphasis should be given to identification and 
development of gennplasm with resistance to 
specific and individual races of this pathogen. and 
to root rot pathogens. 
• There is a need to incorporate resistances to wilt. 
root rot. and ascochyta bJight into large-seeded 
( IOO-seed mass > 40 g) kabuli types for North 
Africa and the Mediterranean regions. 
• There is a need for further study of the impor-
tance of wilt and root rot diseases in farmers' 
fields in particular regions. and to identify patho-
gens and races of these pathogens in the wilt-sick 
plots used for resistance screening. 
• Wilt and root rot resistant cultivars with wider 
adaptability are needed. 
Nematodes 
• There is a need to assess the importance of 
nematode diseases in chickpea-growing areas. 
Cooperative research between ICARDA and the 
Instituto Nematologia. Bari. Italy indicates that 
nematodes can be a problem in some chickpea-
growing areas. There is a need to extend coop-
erative studies. 
Viral Diseases 
• There is a strong need to survey and identify vi-
ruses affecting chickpea in different chickpea-
growing areas of the world. and to study their 
epidemiology. 
• Improved techniques are needed to detect. iden-
tify, and characterize chickpea viruses. 
• Efforts to control major virus diseases of chick-
pea, especially by host plant resistance, need to 
be intensified. 
Other Important and Potentially Serious Diseases 
of Chickpea. There are several other diseases that 
are important in given regions or areas, e.g., botrytis 
gray mold in northern India, Nepal, and Bangladesh. 
Modification of cultural practices, such as sowing 
date and inigation. may result in heavy crop losses 
from, for instance, viral diseases, Orobanche, and 
some root rots that are currently considered of minor 
importance. 
Research on the following diseases. considered seri-
ous in certain areas, should be encouraged: 
• Botrytis gray mold 
• Sclerotinia stem rot 
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• Sclerotium collar rot 
• Rust 
• Orobanche 
• Phoma blight 
• Stemphylium blight 
• Other root rot and foliar diseases 
• The use of new technologies in breeding for dis-
ease resistance is to be encouraged. 
• The development of cultivars with multiple dis-
ease resistance for specific situations should be 
considered. 
• Efforts should be made to increase the number of 
well-trained pathologists, virologists, and nema-
tologists to work on chickpea diseases. 
• Economic losses caused by chickpea diseases 
should be assessed in order to establish research 
priorities. 
• Integrated control of chickpea diseases. including 
the use of fungicides and other control measures 
to compensate for the lack of suitable levels of 
host resistance should be investigated. 
Session 4 
Prtncipaux themes de presentation et de discussion 
• Les maladies foliaires sont les plus importantes 
dans les zones d 'exploitation de pois chiche it 
haute productivite entre les latitudes 25°-45°N. 
• Les maladies principales foliaires sont la fletris-
sure ascochytique et la pourriture grise due a 
botrytis. Une resistance durable, fortement ex-
primee, contre ees maladies n 'a pas ete identi-
fiee dans les ressources genetiques ni obtenue a 
travers la selection. 
• La lutte peut se faire par I'integration de la 
resistance plante-hate, espacement des rangs, 
application a temps de fongicides foliaires, et 
une geometrie de la plante con venable. 
• L'objectif ultime de la recherche sur la fletris-
sure ascochytique est de mettre au point les 
varietes A resistance durable, mais 60 anntes 
d'efforts n'ont pas resolu Ie probleme. Les rai-
sons principales de eela sont la connaissance 
insuffisante de la variabilite pathogenique, et 
des dfets environnementaux sur Ie developpe-
ment de la maladie. Des assomptions sur la 
resistance et sur la genetique de la resistance 
auraient pu ainsi ~re confondues, et, par con-
sequent, de nouvelles approches tels la ~Iection 
pour la resistance partielle et davantage d'in-
formations sur les interactions pathogene-h6te-
environnements sont necessaires. 
• Au Punjab, en Inde, 12 races de la fletrissure 
ascochytique ont ete constatees, et Ie criblage de 
10 ()()() lignees ~Iectionnes a permis d'identifier 
200 lignees classes 3 a 4 sur une echelle de nota-
tion allant de I a 9 (ou I = exempte et 9 = 
detruite). 
• Les travaux de recherche au Nepal ont montre 
que I'association du pois chiche avec Ie lin 
permet de reduire les degAts causes par la pour-
riture grise dd a botrytis. 
• Le fletrissement et les pourritures des racines 
sont des maladies globalement importantes du 
pois chiche. Elles causent des degAts particu-
Jierement importants dans des conditions de 
temperature elevee et de secheresse. 
• Une approche de lutte integree (integrated 
management), englobant la resistance de la 
plante-hate, la sante des semences, des pra-
tiques culturales appropriees et la manipulation 
biologique sont necessaires pour lutter contre Ie 
fletrissement et la pourriture des racines. 
• La race 0 du fletrissement fusarien, un isolat 
Spanish, n'est pas pathogenique a JG 62, un 
cultivar susceptible a six autres races identifiees. 
• Bien que Ie criblage au champ pour les maladies 
individuelles transmises par Ie sol soit compli-
que par Ie developpement de melanges patho-
geniques dans Ie sol, les differentes maladies 
peuvent souvent ~re distinguees car elles pro-
duisent de differents symptames, et tendent a 
s 'exclure I 'une et I'autre apres I'infection de la 
plante. 
• Plusieurs especes de nematodes sont nuisibles 
au pois chiche. Les plus importantes sont ]es 
nematodes galligenes (MeJoidogyne spp.) les 
nematodes de kyste (Heterodera cicen), et les 
nematodes des lesions (PratyJenchus spp.). 
• Des genotypes resistants aux nematodes doi-
vent ~tre identifies, et les pratiques appropriees 
d 'amenagement des cultures doivent ~tre mises 
au point pour la lutte contre les nematodes. 
Celles-ci doivent inclure la rotation des cul-
tures, I 'ajustement de la date de semis, la solari-
sation, et I 'application de nematicides. 
• II peut y avoir une relation entre Ie type du sol et 
I'incidence des nematodes. Par exemple, des 
sols legers sableux montrent plus d'incidence de 
nematodes que les sols plus lourds. 
• II y a au moins 13 virus associes avec Ie pois 
chiche. Leur epidemiologie, potentiel de degAts 
a la culture, distribution et gamme de plantes-
hates ne sont pas bien documentes, alors que 
tres peu est connu a I 'egard de la resistance de la 
plante-hate. 
• Les semences de pois chiche introduitea en Cali-
fornie ont contenu des virus transmis par Ie sol 
dans 10% des echantillons. Un genotype tole-
rant au virus a ete identifie en Californie et a ete 
recommande pour l'utilisation dans des pro-
grammes de selection. 
RecommandatioDl 
Fletrissure ascochytique 
• II est necessaire de mieux com prendre la biolo-
gie et l'ecologie de I'agent pathogene. 
• U ne haute priorite doit ~tre accordee a la 
comprehension de I'epidemiologie de la mala-
die a des emplacements differents. Des etudes 
sur Ie stade teleomorphique et Ie rale qu'iljoue 
dans la dissemination et la survie du pathogene 
doivent ~tre entreprises dans des zones 
differentes. 
• La recherche sur la variabiIite pathogenique est 
requise en ce qui conceme 1a s.,ecificite de I 'hate 
et I'agressivite. De tels travaux doivent !tre 
entrepris avec une methodologie normalisee. 
• Les cultivars exp]oites actuellement ne dispo-
sent pas d 'un niveau eleve de resistance au 
pathogene. Donc, un programme d 'ameliora-
tion des ressources genetiques en vue d 'une 
meilleure resistance a ]a fletrissure doit ~re 
entrepris. 
• II existe un besoin pour des programmes inno-
vateurs de ~Iection pour la resistance, qUl 
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comprennent la biotecMoJogie, ainsi que pour 
une meilleure connaissance de la genetique de la 
resistance a la maladie. 
• L'etablissement d'un groupe de travail informel 
organise par I1CARDA/ICRISAT sur la fie-
trissure ascochytique du pois chiche est propose 
pour encourager l'6change d'informations et la 
cooperation en matiere de recherche sur la 
maladie. 
Fletrissement et pourriture des racines 
• II faut utiliser la technique standard mise au 
point a I1CRISAT pour l'identification des 
races du pathogene du fletrissement fusarien et 
pour I 'etude de la genetique de la resistance aces 
races. 
• Les sources de resistance au fletrissement fusa-
rien sont disponibles dans les ressources gene-
tiques du pois chiche. Cependant, un accent 
plus important doit ~tre accorde a I'identifica-
tion et a la mise au point de ressources gene-
tiques ayant une resistance aux races speci-
fiques et individuelles de ce pathogene, et aux 
pathogenes de la pourriture des racines. 
• II faut incorporer des resistances au fietrisse-
ment, a la pourriture des racines et a la fletris-
sure ascocbytique dans des types kabuli a gros 
grains (masse de 100 graines > 40 g) pour 
l'Afrique du Nord et les regions mediterranc-
ennes. 
• II faut etudier davantage I'importance des mal-
adies de fletrissement et de pourriture des 
racines en milieu reel dans certaines regions, et 
identifier des pathogenes et les races de ces 
pathogenes dans les parcelles infectees de fle-
trissement utilisees pour Ie criblage pour la 
resistance. 
• Des cultivars resistants au fletrissement et a la 
pourriture des racines avec une adaptabilite 
plus large sont n6cessaires. 
Nematodes 
• II existe un besoin pour I'evaluation de I'impor-
tance des maladies dues aux nematodes dansles 
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regions d'exp)oitation du pois croche. La re-
cherche cooperative entre I'ICARDA et 11nsti-
tuto Nematologia, Bari, Italie, indique que les 
nematodes peuvent constituer un probleme 
dans quelques regions productrices de pois 
chiche. II est n6cessaire d 'etendre les etudes 
cooperatives. 
Maladies virales 
• II est necessaire de recenser et d'identifier les 
virus qui atteignent Ie pois chiche dans diffe-
rentes regions d 'exploitation dans Ie monde, et 
d'etudier leur epidemiologie. 
• Des techniques ameliorees sont necessaires pour 
detecter, identifier et caracteriser les virus du 
pois chic he. 
• Des efforts pour lutter contre les maladies 
virales majeures du pois chiche, surtout par la 
resistance de la plante-hote, doivent etre inten-
sifies. 
D'autres maladies importantes et potentiellement 
graves de pois chiche 
II y a plusieurs autres maladies qui sont impor-
tantes dans des regions ou zones donnees, par 
exemple, la pourriture grise due a botrytis en Inde 
du Nord, au Nepal et au Bangladesh. La modifica-
tion de pratiques culturales, telles date de semis et 
irrigation, pourraient entrainer des pertes impor-
tantes de recoltes dues, par exemple, aux maladies 
virales, Orobancbe, et certaines pourritures des 
racines qui sont actuellement considerees comme 
d'importance mineure. 
La recherche sur les maladies suivantes, conside-
rees comme graves dans quelques regions, doit ~tre 
encouragee: 
• Pourriture grise due a botrytis 
• Pourriture sclerotinia 
• Pourriture du collet 
• Rouille 
• Orobancbe 
• Fletrissure Phoma 
• Pourriture due a stemphylium 
• D'autres maladies foliaires et pourritures des 
racmes 
• L 'utilisation de nouvelles technologies dans la 
selection pour la resistance aux maladies doit 
~tre encouragee. 
• La mise au point de cultivars avec la resistance 
mUltiple aux maladies pour les situations par-
ticulieres doit ~tre consideree. 
• Des efforts doivent ~tre faits pour augmenter Ie 
nombre de pathologistes, de virologistes. et de 
nematologistes bien formes qui peuvent tra-
vailler sur les maladies de pois chiche. 
• Des pertes economiques causees par les mala-
dies de pois chiche doivent etre evaluees afin 
d 'etablir des priorites de recherche. 
• La lutte integree contre les maladies de pois 
chiche, y compris l'emploi de fongicides et d 'au-
tres mesures de lutte pour compenser pour Ie 
manque de niveaux appro pries de resistance de 
la hote, doivent etre examines. 
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Session 5 
Insect Pests 

Some Future Research Directions for Integrated Pest 
Management in Chickpea: A Viewpoint 
M.P. PimbertJ 
Abstract 
The insect pests (IP) that feed on different parts of the chickpea plant are briefly presented 
together with a summary of the recent progress that has been made in controlling such key pests 
as Helicoverpa annigera and Liriomyza cicerina. 
The value of using maps showing the severity and extent of pest damage to set integrated pest 
management (IPM) research priorities for different agro-ecological zones is illustrated with 
reference to H. annigera in India. The gaps in basic knowledge required to develop sustainable 
IPM schemes are then identified. Research areas and issues that have been neglected. 
overlooked, or opened up with recent advances in science and technology are discussed with a 
view to charting out a possible research agenda for the next decade. The themes that call for 
more research attention are: host-plant resistance and G x E interactions; vegetation manage-
ment and biological control; IPM and the selective use of plant diversity; biotechnology and pest 
control; group action to complement pest controls aimed at individual households and sustaina-
bility. 
Resume 
Nouyelln orient.tions de recbercbe pour une lutte inte,rh contre Is ray.,eurs du pol6 
cbicbe-un point de yue: us insectes ravageurs qui consomment diverses parties de la plante 
de pois chiche sont brievement presentes avec un resume des progres recents dans la lutte 
contre les insectes les plus nuisibles, comme Helicoverpa armigera et Liriomyza cicerina. 
L 'exemple de H. armigera en [nde est utilise pour illustrer comment une cartographie des 
attaques des ravageurs (intensite, distribution spatiale) peut aider A definir les priorites de 
recherche pour differentes zones agroecologiques. On identifie ensuite les lacunes dans les 
connaissances de base necessaires poureJaborer des formes de lutte integree durables (,sustai-
nable '). Les themes de recherche et Jes probJemes qui ont ete negliges, oublies, ou mis en relief 
grace aux progres recents de la science et de la technologie, sont examines dans Ie but d 'etablir 
une strategie de recherche pour la prochaine decennie. us themes qui exigent davantage de 
recherche sont : la resistance varietale et les interactions genotype x environnement; Ja gestion 
de la vegetation et la lutte biologique; la lutte integde et I usage seJectif de la diversite vegetale; 
les biotechnologies et la lutte conUe les ravageurs; l'action collective pour completer Jes 
moyens de lutte individue/s et la durabilite des actions ('sustainability'). 
I. Principal Entomologist, Legumes Program. International Crops Research Institute for the Semi-Arid Tropics (lCRISAT). Patancheru. 
Andhra Pradesh 502 324, India. 
lCRlSAT Conference Paper no. CP 562. 
Citation: ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Chickpea in the Nineties: proceedings of the 
Second International Workshop on Chickpea Improvement, 4-8 Dec 1989. ICRISAT Center. India. Pataneheru. A.P. 502 324, India: 
ICRISAT. 
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Compared with most other semi tropical grain legumes, 
chickpea has relatively few insect pests and generally 
experiences little pest-induced loss. Many insects and 
other small animals seem to be deterred by the acidic 
(pH 1.3) exudates of the glandular hairs that cover the 
chickpea plant. In addition to this, chickpea is usually 
sown before, or just after, the winter in most areas of the 
world where it is of importance. The crop therefore 
grows when insect activity is low and often matures 
before populations of potential pests can build up to 
damaging levels. 
Reed et al. (1987) have given an excellent review of 
the biology of chickpea insect pests and have presented 
the most recent statement on the an of integrated pest 
management (lPM) in chickpea. The purpose of this 
overview is to provide a complementary viewpoint to 
their perspective. Research areas and issues that have 
been neglected, overlooked, or opened up with recent 
advances in science and technology are identified and 
discussed. This is not done with a view to suggesting 
a fixed line or strategy for controlling chickpea pests. 
Instead, the intention is to enrich and broaden the IPM 
research agenda that workshop participants have been 
asked to chart out for the next decade. 
Chickpea Insect Pests 
About 60 insect species are known to feed on chickpea 
(Reed et al. 1987). Figure I shows which parts of the 
chickpea plant are eaten by different types of insects, 
and Table 1 summarizes the geographical distribution 
of the major pests of this crop. Broadly speaking, the 
leafminer. Liriomyza cicerina and the pod borers, He-
licoverpa spp .• cause most of the economic losses in the 
Mediterranean regions of Europe. West Asia, and 
northern Africa whereas H. armigera is the dominant 
field pest of chickpea in India. Bangladesh. and Paki-
stan, where more than 85% of the world's chickpea is 
grown. Other insects such as aphids, cutworms, and 
termites cause localized problems but bruchid infesta-
tions in storage places are more widespread. and can 
lead to severe losses of valuable protein-rich food in 
many areas (Labeyrie 1981). 
Recent Progress in the Control or Major 
Chickpea Pests 
TIle emphasis of contemporary pest management re-
search is to find ways ofintcgrating cultural. biological. 
and chemical controls with host-plant resistance in 
IS2 
rable 1. Recorded diItrlbution of tbe major chickpea 
pests. 
Diptera : Agromyzidae 
Liriomyza cict:rina 
(Rondani) northern Africa. 
Homoptera : Apbididae 
Aphis craccivora (Koch) 
Lepidoptera: Noctuidae 
HeJicoverpll armigerll 
(Habner) 
Helicovt:rpll punt.igr:ra 
(Wallengren) 
Helicovt:rpa vin:sCt:ns (F.) 
Helicow:rpa viripJIJCIJ 
(Hafnagel) 
HeJicow:rpa zea (Boddie) 
Spodoptt:rll t:xigua 
(Habner) 
Coleoptera: Bruchidae 
CalJosobruchus ana/is 
(Fabricius) 
CaIlosobruchus chinensis 
(Linnaeus) 
Callosobruchus macuJatus 
(Fabricius) 
Europe. West Asia, and 
Asia and Africa (as a 
vector of pea leaf roU 
virus causing stunt 
disease) 
Asia. Africa. Australia. 
Europe 
Australia 
The Americas 
Eastern Europe and 
West Asia 
Central America 
Central America and 
Asia 
Common in Asia and 
Africa 
Very common in all 
areas especially in Asia 
Very common in all 
areas 
mutually enhancing and complementary manners. In 
the case of chickpea appropriate pest management 
strategies need to be developed for: 
• low-input. risk-prone situations where chickpea is 
grown in resource-poor farming systems under 
rain fed conditions. and 
• higher-input. assured situations where the crop is 
cultivated in irrigated. higher cash flow systems. 
Priority should probably be first given to designing 
sustainable IPM schemes for the complex, diverse. and 
fragile low-input agroecosystems of dry I and environ-
ments. Most chickpea is grown in these areas and this 
is where the need for food security is, and will be. 
greatest. 
Table 2 summarizes the progress that has recently 
been made in developing pest-contro) methods against 
H. armigera and L. cicerina in chickpea. The progress 
or success of the IPM technology listed in Table 2 is 
probably best evaluated from the point of view of 
Flowers. 
pods.and 
seeds 
Foliage 
Roots and 
seedlings 
Helicoverpa 
Awographa 
Callosohruchus 
Liriomyza. Chromalomyia, 
Spodoplera. Helicoverpa, 
Aphids 
SilOna 
Odonto/umes 
Micro/urnes 
Gonocephalum 
Agrolis 
Figure I. The distribution of insect pests on "nious parts of II chickpea plant. 
resource poor farmers who' need not messages but 
methods. not precepts but principles. nol a package of 
praclices but a basket of choices. nOI a fix.ed menu table 
d 'hote, bUI a choice a la carte; not instructions on what 
to adopt. but ideas about what to try with support for 
the i r own trials and ex perimentat ion . (Chambers 1988). 
A Possible Research Agenda for the Next 
Decade 
Crop Improvement within an IPM Context 
Setting research priorities with biotic stress maps. 
Knowledge of the severity and extent of pest damage is 
dearly an imponant prerequisite for making pest 
management research and crop improvement work 
more sensitive 10 regional differences and needs. It is 
all 100 often simply assumed that a given insect is a 
ubiquitous chickpea peSI and that resistance-conferring 
genes should. for example. be incorponued in all culti-
vars, irrespective of the agroecological zone(s) for 
which they are developed. 
The value of biotic stress maps in guiding crop 
improvement work is best illustrated with reference to 
H. armigera in India. The distribution of chickpea 
crops was mapped, together with the pest status of the 
pod borer in different agroecological zones (Pimbert 
and Sehgal 1989). This recent reevaluation of the 
assumed importance of H. armigera showed that levels 
of pest damage are low « 10% pod damage) in most 
fanners' fields within the chick.pea core production 
zones. This is largely because traditional cultural pest 
controls (early sowing, intercropping) help protect 
locally adapted chickpea genotypes from pod borer 
1.53 
Table 2. Recent products of IPM research: a baRet of choices for chickpea farmers. 
The IPM Menu so far 
Host-plant resistance 
Cultural pest controls 
Manipulation of sowing 
and harvest dates 
Sowing density 
Intercropping 
chickpea with non-host plants 
Biological control 
Nuclear polyhedrosis virus 
(NPV) spray 
BaciJ/us thuringiensis (B.t.) 
spray 
Conservation of indigenous 
parasitoid wasps 
Insecticides 
Insecticide products 
Insecticide resistance 
management (IRM) 
HeJicoverpa armigera 
Resistant genotypes available, 
released or in prelease stage 
Early-sown cultivars less damaged 
than late-sown in many areas 
Although larval populations 
increase per unit area as plant 
densities increase, crop losses do 
not differ at spacings ranging 
from 8 to 67 plants m- 2 
Chickpea grown either with 
mustard. or linseed, or barley, 
or rapeseed, suffers less pest 
damage than sole chickpea 
Very effective control 
Occasional succes 
Ichneumon wasps ( Campo/etis spp) 
important mortality factors for 
early instars 
Neem tree (Azadirachta indica) 
seed extract, synthetic pyrethroids, 
endosulfan applied at early 
podding stage 
Elements of IRM developed for 
other crops may be applicable to 
chickpea pests 
Liriomyza cicerina 
Genotypes with different degrees of 
resistance available 
Early-sown cultivars less damaged 
than late-sown in many areas 
No effect on leaf miner populations 
Intercropping with cereals neither 
increases nor decreases leaf-miner 
attack 
Braconid wasps (Opius spp) can 
heavily parasitize first generation 
larvae 
Monocrotophos. fenthion, methyl 
demeton give effective control when 
applied during vegetative stage 
attack. However, pest incidence is moderately high 
(10-20% pod damage) in the North West Plain Zone 
(NWPZ) and the Central Zone (CZ). Two distinct plant 
breeding strategies were proposed to minimize crop 
loss to this insect in these zones: 
Pest damage data organized on a matrix of agroecol-
ogical zones can thus help chickpea breeders achieve a 
better match between insect resistance breeding pro-
grams and the entomological problems that arise in 
different parts of the semi-arid environment. More 
accurate pictures of the severity and extent of damage 
caused by different pests are clearly needed for other 
chickpea-producing areas e.g., eastern Africa (Ethio-
pia, Somalia, Kenya), and parts of the Mediterranean 
region. Although no ideal survey can be planned, a 
methodology, combining systematic sampling with 
statistics, sensitive to spatial patterns, has been pro-
posed to generate reliable biotic stress maps (Pimbert 
and Sehgal 1989). 
• introduction of resistance genes into genotypes 
adapted to the CZ where 28% of the country's 
chickpea is produced; and 
• introduction of cold-tolerant genes into chickpea 
varieties intended for the NWPZ of India (18% of 
the recorded production). Chickpea would set pod 
and seed fill during the cool northern winter when 
pod borer populations are very low, i.e., it would 
escape from pod borer attacks. 
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Mechanisms of host-plant resistance (HPR) to ma-
jor pests - how much do we know? Equipped with a 
knowledge of the biochemical and biophysical basis of 
HPR, entomologists and plant breeders can make rapid 
progress in developing insect-resistant cultivars. If 
resistance markers are known. breeders can choose the 
best parents for their crosses. 
However, the identification of markers for resistance 
breeding can only emerge out of a basic understanding 
of the pests' host selection behav ior. Figure 2 shows a 
generalized sequence of the simple behavioral steps 
involved in the process by which an insect pest distin-
guishes between host and non-host plants (host selec-
tion). Host selection has been studied in depth in only 
a few economically important insects, and there is no 
example of a plant insect relation where all the behavior 
cues (signals) involved have been identified (Stadler 
1983; Beck and Schoonhoven 1980; Miller and Strick-
LevelofO~Zldon Dacrlpdon 
and ecololical context of inled behavior 
Agroecological lones/ Migration/ 
watershed and broad dispersal 
vegetation formations 
(wild and cultivated plants) 
CUltivaJ and wild Habitat 
plant communities location 
Wild or ttiv&ted 1 Host-plant 
host plants among location 
other non-host plant 
1 Host s~~ 1 selection behavior 
Host plant organ Host-plant 
(e.g., flower, bud, leaf) recognition 
Trophic llieu (e.g .• 
and oviposition 
1 
Larval acceptance, 
flower, pod, seed ... ) movements on. 
and between plants 
ler 1984). Moreover, little is known as to how these 
mUltiple sensory cues reinforce each other and are 
modulated by ecological factors (e.g., photoperiod. 
temperature, humidity. edaphic factors, and their spa-
tial and seasonal variations) (Dethier 1982; Labeyrie 
(977). This is certainly true for the two major chickpea 
pests that have received most of the research attention 
so far. What little is known is shown in Figure 2. 
Filling these gaps in knowledge will remain a high 
research priority for the next decade. Identifying the 
various components of HPR will be an important bias 
of these basic studies. But the knowledge thus gained 
on the host selection behavior of key pests will also help 
entomologists design other IPM components, particu-
larly if these studies consider the ecological factors that 
modulate insect behavior (either directly or indirectly 
via the changes they induce in the quality and quantity 
of the insects' food plants). 
Factors Interferinl with 
Behavior cues host-selection behavior 
possibly involved (resistance markers) 
Helicoverpa liriomyza 
armigera cicerina 
Spectral properties m m 
of vegetation (visual cues). 
Insect communication 
systems (e.g., pheromones. 
far infra-red emissions) 
Visual and olfactory m 
?'n 
cues from plants 
Visual, olfactory, Factors causing m 
gustatory, and oviposition 
mechanical cues non-preference 
not identified 
Gustatory and Acid exudates m 
mechanical cues deter caterpillars 
Filure 2. A leneraUzed summary of the behavioral ecololY of chickpea Insect pests, and a checklist of 
the factors interfering with the host selection behavior of two major pests. 
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Agricultural case studies have found insect pests and 
pathogens that have fully overcome the defenses of 
some resistant crops within two to ten years of their use 
on a commercial scale (Johnson 1983; Sosa 1981). 
Insect herbivores appear to be as genetically variable in 
terms of host selection as they are in physiology, both 
within and between populations (Gould 1983; Labey-
rie 1977; Mitter and Futuyma 1983). There are always 
potentially "aberrant" individuals within populations 
that may become the founders of a biotype capable of 
nullifying the advantage of plant resistance. But the 
rate at which pest populations adapt to novel resistant 
chickpea varieties could be greatly reduced by breed-
ing plants combining repellency with toxicity; at least 
two independent mutations would have to occur for the 
insects to be able to colonize and feed on the new 
varieties. Resistance breeding programs should there-
fore build up the frequencies of the genes that confer 
insect resistance both at the behavioral level (oviposi-
tion or feeding non-preference/repellency) and the 
metabolic level (antibiosis/toxicity). 
For some insect pests. however, one should first 
decide if HPR is a feasible pest control strategy. Thus 
little success has been achieved in selecting chickpea 
genotypes that are resistant to Callosobruchus spp., 
despite the many attempts made. Rather than pursue 
the search for bruchid-resistant genotypes it may be 
more productive to: 
• prevent field infestations prior to harvest via appro-
priate cultural practices. This calls for a much 
sounder understanding of the ecological relation-
ships between bruchids and their wild and culti-
vated host plants (Labeyrie 198); and 
• promote good seed storage practices, and retain or 
improve traditional pest control methods e.g .• use of 
oils and powders of botanical origin that deter 
oviposition or kill the larvae (De Luca 1980), ver-
nacular designs of airtight storage bins. 
G (genotype) x E (environment) interactions and 
multilocational testing rrom the perspective of re-
source-poor rarmers. Given that insect biotypes exist 
and that G x E interactions can lead to the breakdown 
of host plant resistance, there is a need to improve the 
efficiency of multilocational testing schemes. Most of 
the screening and evaluation of promising insect resis-
tant material is done on research stations where 
agroecological conditions often differ markedly from 
those of farmers' fields. The contrast between where 
the resistant I ines are developed, and the types of 
environments for which they are intended can be quite 
sharp, particularly when the conditions of resource-
poor farmers are considered (Table 3). 
Methodologies and practices that include farmers in 
the evaluation of promising resistant material should 
therefore be developed to complement conventional 
research approaches organized on the transfer-of-tech-
nology model. Ideally, screening practices should 
allow for early, systematic, and critical feedback from 
the farmers to the entomologists, breeders. and social 
scientists. When evaluating the material's perform-
ance under resource-poor conditions the farmers' crite-
Table 3. Contrast in physical and socio-econonUc conditions of research stations vs. resource-poor fanns'. 
Topography 
Soils 
Nutrient deficiency 
Hazards (fire, landslides, etc.) 
Irrigation 
Size of unit 
Disease, pests, weeds 
Access to fertilizers, 
improved seed, etc. 
Seed 
Credit 
Labor 
Prices 
Priority for food production 
Research stations 
Flat or terraces 
Deep. few constraints 
Rare, remedial 
Few 
Often full control 
Large, contiguous 
Controlled with chemicals, labor 
Unlimited, reliable 
High quality 
Available 
No constraint 
Irrelevant 
Source: Modified from Chambers and GhildyaJ 1985. 
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Resource-poor farms 
Undulated or sloped 
Shallow. infertile serious constraints 
Quite common 
Common 
Rare. unreliable 
Small, irregular often non-<:ontiguous 
Crops vulnerable, infestation 
Low, unreliable 
Own seed 
Poor access with seasonal shortages 
Family, constraining at seasonal peaks 
Relatively high for inputs. Low for outputs 
High 
ria of acceptance should be taken into account. This 
more participatory approach to research and the valida-
tion of technology would not only help confinn the 
cultivars' resistance to insects in many environments 
but would also help avoid some of the problems com-
monly encountered with varieties bred for fanning 
communities e.g .• unacceptable taste. processing and 
storage problems. and the undennining of the multipur-
pose value of the crop by an overemphasis on grain 
yield. 
I have indicated in Figure 3 how fanners could 
become involved in the multilocational testing phase of 
resistance breeding programs carried out by national 
and international agricultural research centers. Other 
schemes whereby fanners sow and evaluate small 
batches of advanced breeder's lines have been worked 
oul and can be usefully emulated here e.g .. prescreen-
ing of bush beans and cassava at Centro Internacional 
de Agricultura Tropical (CIAT) (Ashby et al. 1987). 
and rice breeding for rainted areas in India (Maurya et 
al. 1988). 
Promotion of more decentralized and participatory 
fonns of multilocational testing should be a high prior-
ity in the next decade. This will of course not replace 
multilocational trials done by scientists on research 
stations. Instead. the overall thrust should be to build. 
and rely on. active complementarities between the so-
called fonnal and infonnal research sectors. Some of 
the assumptions underlying this research scenario are 
that: 
• resource-poor fanners are not well served by green 
revolution packages that need controlled condi-
tions. in which E is stabilized and modified through 
pesticides and other costly industrial inputs to fit G. 
Instead. G has to fit E; 
• fanners' knowledge and self interest can be trusted; 
• research and experimentation are not the sole pre-
rogative of highly trained scientists. Farmers also 
conduct experiments and develop technologies. This 
infonnal R and D largely goes unrecognized be-
cause its categories. content, constructs, and prac-
tices differ from those of modern science; it is more 
closely linked to farming experience than fonnal R 
andD. 
The sceptical scientist is invited to read the following 
papers that present much evidence supporting these 
assumptions (Brokensha et al. 1980; Matlon et al. 1984; 
Rhoades and Bebbington 1988; Richards 1985, 1989; 
Spitz 1986). 
Biotechnology and pest control. It is now technically 
feasible to introduce Bacillus thuringiensis (B.t.) genes 
into crop plants in order to enhance their toxicity or 
resistance to insect pests. particularly to the lepidop-
teran ones (Vaeck et al. 1987; Goodman et al. 1987; 
Meeusen and Warren 1989). The introduction ofB.t. or 
other toxin-coding genes into chickpea could certainly 
help protect the crop against several Helicoverpa spp. 
But this technological option should probably not be 
seen as the panacea for the control of major pests. 
Entomologists are already questioning the long-term 
efficacy of genetically engineered "insecticidal" plants 
because of the development of toxin-resistant insects: 
• although pest adaptation to naturally occuring B.t. 
strains is not often found in the field. some lepidop-
teran pests have been shown to adapt to B.t. 
(McGaughey 1985); 
• mathematical models of selection pressure predict 
that if genetically engineered anti-pest plants be-
come a permanent part of the environment. insect 
resistance would rapidly develop (Knight 1988; 
Gould 1988). The selective pressure for adaptation 
would be intense; and 
• most pest adaptations are specific but. if adaptation 
to insecticides is any guide, cross resistance to toxic 
principles is likely in insect populations (NAS 1986). 
This may be particularly true for the polyphagous 
noctuid pests given their eclectic detoxification 
abilities. 
However. a number of strategies could be adopted to 
curtail the rapid development of insect resistance to 
transgenic chickpea by: 
• using seed mixtures. Mathematical models sug-
gest that if only half the seeds in a field contain 
genes for B. t. endotox.in production. the rate of pest 
adaptation could be cut by two thirds or more 
(Gould 1988; Kennedy et al. 1987); and 
• ensuring that the insect resistance genes are ex-
pressed only at times and places where they are 
required. If B.t. genes are expressed in most of the 
chickpea plant's tissues all He/ic(}verpa larvae that 
feed on the leaves and pods of the cultivar are 
targets for the toxin. The pressure for adaptation 
would be intense. But if genetic engineers devel-
oped chickpea lines that only express the B.t. genes 
in the pod wall tissues then the most important plant 
parts would be protected. Since fewer generations 
feed on these fruiting structures selection pressure 
would be discontinuous. 
Unless these evolutionary considerations are kept in 
mind when engineering and using transgenic chickpea 
the whole exercise will probably be counter-productive 
in the very short term. 
The legal implications ofthis pest control option also 
IS7 
Depending on pest: 
leaf damaae (%), 
seed dam. (%), 
establish pest-specific 
relative resistance rating 
Open field screening techniques, 
oviposition and food choice situation, 
small plot screening trials, 
unreplicated single-row plots (1-2 m), 
several 100 cultivan tested. 
• Promising lines 
~ 
Large plot screening trials 
(e.g., 4-6 rows of 5 m), 
replicated 3-6 times, 
promising lines compared with 
standard control, 
between 10-40 cultivars tested 
• Further study of oviposition and 
feeding preferences of insect pests 
to promising lines 
Of critical importance to: 
oppose choice and no-choice situations 
in experimental design; 
work with whole plants rather than 
excised leaves or leaf discs, or other 
plant parts (test method can 
affect ovipositional/ feeding 
preferences of insects); 
work under field conditions 
(or as closely as possible) 
~ 
Influence of resistant lines on 
the natural enemies of the pests: 
How do the genotypes affect their 
ability to locate and control pests? 
,l. 
Identified genotypes with considerable and 
consistently reduced susceptibility, and with-
out negative effect on key beneficial insects 
~ 
Identification of resistance mechanism(s), 
breeding work, and multilocational testing in 
climatically / topographically different areas 
Flpre 3. Screeninllenotypes for resistance to insect pests. 
Reaource-poor rumen' 
condJdODS aad ...... Iement 
Multilocational screening on-farm 
in different agroecological lones. 
Farmers test and evaluate 
'/' genotypes, using own R&D. Standard control is local variety. 
Farmers' needs and preferences 
help determine subsequent 
research priorities 
• On-station referral of problems 
+ 9 Joint definition of opportunities 
need to be carefully assessed. B.t. genes, like all other 
genetic resources, are up for patenting and are the raw 
material of the biotechnology industry, which is largely 
under corporate control (Fowler et al. 1988; Hobbelink 
and Vel vee 1989; RIS 1988). Will the final product of 
this research remain in the public sector, or would the 
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patents allow the private companies to control the 
technology and set seed prices? If access to seed of 
transgenic chickpea is uneven. what sorts of distortions 
would be introduced in the rural sectors of the semi-arid 
tropics? 
IPM and the Selective Use or Plant Diversity 
Agroecosystems can be made more resilient to pest 
attacks through conscious design in the same way that 
pest-resistant varieties can be created by combining 
suitable bui Iding blocks (genes) from different sources. 
At the agroecosystem level. the building blocks are 
whole plants. animals. and microorganisms that are 
woven together in specific patterns through their recip-
rocal interactions to provide the type of functional 
diversity which keeps pest populations at a low level. 
An important assumption underlying this IPM ap-
proach is that pest outbreaks in many agroecosystems 
are nonnal occurrences because of their lack of diver-
sity. high incidence of stress. and prevention of natural 
control processes. Methods and principles should 
therefore be identified to enable fanners to redesign 
their fann into a self-regulating agroecosystem which 
echoes the sustainability and balance of the surround-
ing natural world. This should certainly be a research 
priority for chickpea IPM in the next decade and recent 
advances in population biology (ecology. taxonomy. 
evol utionary biology. and genetics) provide many rele-
vant insights and concepts in this context. A few 
examples will illustrate this point. 
Interrering with the pest's host-selection behavior 
by promoting the right sort or cropping system's 
diversity. An insect pest searching for a specific host 
plant has to locate its host by sight or smell. By 
concealing this plant amongst others. which do not 
offer the same kind of stimuli. it should be possible to 
reduce the efficiency ofthe pest's host seeking behavior 
and interfere with its population development and 
survival. 
The pest suppressant potential of intercropping can be 
exploited at three levels: 
• genetic mixtures of the same crop. Since plant 
species diversity so often reduces insect damage 
(Risch et at. 1983; Kareiva 1983) it has been sug-
gested that genetic diversity in monospecific stands 
could produce similar effects. What little experi-
mental data is available certainly does highlight the 
pest control value of multivarietal plant stands: 
lower leafhopper damage in genetically diverse 
maize (Power t 988), reduced Whitefly attack in 
mixtures of resistant and susceptible cassava varie-
ties (Gold et al. 1989). Studies of the response of 
key chickpea pests to mixtures of resistant and 
susceptible varieties grown in different ratios are 
well overdue. Simple experiments can be set up to 
compare the yields and pest damage of genetic 
mixtures and monovarietal stands; 
• as combinations between chickpea and a non-or 
less-preferred host plant of the target pest. Experi-
ments carried out by All India Coordinated Pulses 
Improvement Program (AICPIP) entomologists 
(1988) in chickpea intercropped with mustard, 
barley. or linseed indicate that the cropping patterns 
traditionally used by Indian fanners significantly 
reduce pod borer damage when compared with sole 
chickpea. The presence of the companion crop 
either interferes with the pest's host selection be-
havior. or enhances the activity of its natural ene-
mies. or both-the exact mechanisms involved are 
unknown. This phenomenon. known as "associa-
tional resistance" (Tahvanainen and Root 1972; 
Root 1973) has been demonstrated in several other 
traditional farming systems (Risch et a1. 1983; Altieri 
and Liebman 1986; Matteson et al. 1984). We need 
to find out if similar pest suppressant features oper-
ate against other major pests in the diverse. tradi-
tional chickpea-growing areas outside South Asia. 
These traditional methods of pest control can then 
be retained as such or improved upon in the light of 
modem knowledge (Altieri and Liebman 1986; 
Levins and Wilson 1979). They can also be modi-
fied for large-scale chickpea product jon e.g., design 
strip-cropping schemes that both retain the func-
tional diversity of traditional systems and allow for 
mechanisation; and 
• designing for synergistic effects. Research on co-
evolution suggests that the cropping systems' resil-
ience to pests and host-plant resistance would be 
more effective and long lasting if the apparency of 
the resistant genotypes were held down by simul-
taneously: mixing different chickpea varieties (e.g .• 
genetic mixtures of local cultivars with improved 
resistant genotypes in various proportions). and 
intercropping chickpea with non host-plants of the 
target pest. 
These organizing principles clearly need to be sub-
jected to critical experimentation in the near future. 
Vegetation manalement and the biological control 
or chickpea pests. The enhancement of [he indigenous 
natural enemy complex of major chickpea pests may be 
possible by the planned diversification of chickpea 
agroecosystems. The type of diversity introduced 
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should help enhance parasite and predator attraction to 
the agroecosystem as well as their efficiency within it. 
This can be done by providing alternative hosts on non-
crop vegetation, nectar-rich plants for adult parasitoid 
wasps, and suitable ground cover for predators (Altieri 
and Letourneau 1982; Andow 1988). Such plants 
should be non- or less-preferred host plants of the target 
pests. A random approach to complexity may exacer-
bate the pest problem by providing more food plants to 
the insect pest, and may not favor the right sort of plant 
and animal community which specific beneficial in-
sects require. 
The presence of acid leaf exudates deters many, but 
by no means all, natural enemies from preying on major 
pests in chickpea (Reed et al. 1987). Thus, among the 
few natural enemies able to feed on H. armigera in 
chickpea, the ichneumon parasitoid, Campoletis chlo-
rideae (Uchida) is a particularly suitable candidate for 
improving the biological control ofthepod borer through 
the addition of selective plant diversity. This is an 
important parasite because it can kill the caterpillars 
before they have a chance to cause much damage. 
Experiments done on ICRISA T farm showed that the 
numbers of pod borer larvae parasitized by C. chlori-
dae were significantly greater in chickpea grown with 
a coriander border crop than in sole chickpea (Pimbert 
and Srivastava 1990). Flowering plants that provide 
food for natural enemies, but not for the pest, can thus 
be worked into the design of chickpea agroecosystems 
using patterns that maximize beneficial functional 
connections. 
The emphasis of this approach is to help restore 
natural control processes through the addition of the 
type of diversity that provides essential ecological 
elements for the activity of biocontrol agents. Its 
potential should be assessed for other pests shown in 
Table I, wherever they are particularly virulent. 
IPM and Group Action 
The polyphagous nature and the high mobility of many 
major chickpea pests dictate that research and pest 
management be applied on an area-wide basis. This is 
particularly true for the Helicoverpa spp. (Fitt 1989). 
Thus, many of the cultural pest controls against H. 
armigera in chickpea undoubtedly involve group ac-
tion and inter-farm cooperation to realize their fun 
potential (e.g., synchronous sowing and harvesting at 
optimum time, use of less-susceptible cultivar, inter-
cropping/strip cropping with non-host plants of the pod 
borer, management of refuges and food plants for 
natural enemies ... ). 
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Village-based collective pest management practices 
are needed to complement pest controls aimed at indi-
vidual households in dryland areas. But promoting 
group-based pest management strategies is not easy, 
and this approach has been neglected by applied ento-
mologists partly for that reason. Progress in the next 
decade will probably only emerge out of close collabo-
ration between entomologists and social scientists in-
volved in action research in different chickpea-grow-
ing zones. The style of research called for will neces-
sarily be participatory and decentralized, with farmers 
analyzing, collectively designing their farming land-
scapes, and experimenting with advice and support 
from outsiders (scientists acting as catalysts, facilita-
tors, and consultants). Understanding the determinants 
of group action under resource-poor conditions will be 
a high research priority in this process, for the farmers 
themselves and the policy makers. 
Sustainability 
IPM must reflect and reinforce the goals of a more 
sustainable agriculture. Over the long term a sustain-
able agriculture enhances environmental quality and 
the natural resource base on which agriculture depends, 
meets basic human food and fiber needs, is economi-
cally viable, and improves the health and quality of life 
for farmers and society as a whole. 
In practical terms this means that the design of IPM in 
chickpea should be much more based on: 
• the maximum use of production inputs that are 
internal to the system e.g., incorporating indigenous 
knowledge on pest controls in the IPM design 
process. enhancing local natural control processes 
via vegetation management; 
• the development (or redevelopment) of gennplasm 
well adapted to local conditions and pest problems 
(as opposed to germplasm with "broad adaptabil-
ity"); 
• the selective use of diversity in time and space, both 
at the genetic and agroecologicallevels; 
• the wise and judicious use of insecticides and an 
economics which does not leave out social and 
environmental costs ("externalities") when defining 
threshold levels; 
• a frame of reference and set of concepts that allows 
us to visualize lPM programs centered more on pest 
management than pesticide management (or any 
other single "magic bullet" tactic). At the very least, 
this calls for the integration of the historically dis-
tinct fields of crop management and pest manage-
ment, the end of disciplinary myopia, and a more 
holistic appreciation of the potential role of func-
tional diversity, interdependance, patterning. com-
plementarity, and synergy in IPM; and 
• a more open partnership with fanners that involves 
them in the conception, implementation. and evalu-
ation oflPM tools. This participatory process should 
help stimulate the acquisition and use oftechnologi-
cal infonnation by fanners. This is critical because 
IPM in the context of a more sustainable agriculture 
requires more management time. substituting 
thoughtful observation and infonnation for capital 
and resource intensive external inputs. 
If we allow these organizing principles to direct and 
frame our inquiry in the next decade, we can anticipate 
much progress in the control of chickpea insect pests in 
the fragile, risk prone, dryland environments. 
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Insect Pest Problems and Recent Approaches to 
Solving them on Chickpea in South Asia 
K. Ahmed1, S.S. LaP, H. Morris4, F. Khallque1, and B.A. MaUkI 
Abstract 
Fast growing human population pressure in the South Asian countries has necessitated effective. 
economical, and non-polluting means of insect control. Work on various aspects of Helicoverpa 
(Heliothis) annigera (Hubner) management on chickpea, including some recent approaches is 
reviewed. It covers population studies through pheromone traps; insecticide use; use of 
bacteria, viruses and parasitoitis; cultural practices and host-plant resistance and breeding. 
Encouraging results were obtained with Bacillus thuringiensis (Berliner) preparations even in 
the presence of malic acid. Relative susceptibility studies indicated clear differences between 
desi and kabuli chickpea to attack from Callosobruchus maculatus F. 
Rhume 
Problemes des iDsectes nuJsibles et les solutio". rkentes pour Ie pols cbJc.he en Asle du Sud: 
us pressions demographiques en pleine croissance dans les pays de l'Asie du Sud ont rendu 
indispensable des moyens de lutte contre les insectes qui soient efficaces, economiques et non 
polluants. us travaux sur divers aspects de la mattrise de Helicoverpa (Heliothis) armigera 
(HUbner) sur Ie pois croche, y compris certains efforts dcents, font l'objet dune revue. lIs 
couvrent les etudes des populations Ii l'aide des pieges Ii pheromone; lusage dfnsecticides; 
I usage de bacteries, de virus et de parasitofdes; les pratiques culturales et la resistance de la 
plante-h6te et la selection. Des resultats encourageants ont ete obtenus avec des preparations 
de Bacillus thuringiensis (Berliner), m~me en presence d'acide maJique. us etudes sur la 
sensibilite relative ont indique des differences nettes entre les pois chiches 'desi' et 'kabuU' a 
J'egard des attaques de Callosobruchus maculatus F. 
About 87% of the world chickpea crop is grown in 
South Asia (Jodha and Rao 1987). Helicoverpa 
armigera (Hubner) is a major pest of chickpea and is 
common in most places where chickpea is grown. In 
some parts of India and Pakistan a semilooper, Auto-
grapha nigrisigna (Walker) was also found lodamage 
chickpea pods. Spodoptera exigua (Hubner), which is 
of minor importance in this region, attacks the crop at 
the vegetative stage. In India. ICRISAT surveys of 
chickpea-growing areas from 1977 to 1982 indicated a 
range of 0 to 84.4% chickpea pod damage at different 
states, with an overall average of8% pod damage by H. 
armigera (Sithanantham et a1. 1983). In northern 
Pakistan up to 90% pod damage was recorded in 
1. Entomologists (Pulses). and 2. Coordinator (Pulses). National Agricultural Research Cen~ (NARC). P.O. National Institute of Health. 
National Park Road, Islamabad. Pakistan. 
3. Senior Entomologist. Directorate of Pulses Research. Kalyanpur, Kanpur 208 024. Uttar Pradesh. India. 
4. Entomologist. Food Legumes. Agricultural Resean:h Institute, Yenn. Myanmar. 
Citation: ICRISAT (International Crops Resean:h Institute for the Semi-Arid Tropics). 1990. Chickpea in the Nineties: proceedings of the 
Second International Workshop on Chickpea Improvement, 4-8 Dec 1989. ICRISAT Center. India. Patancheru, A.P. 502 324. India: 
ICRISAT. 
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unprotected fields (NARC 1986; 1987), but in Myanmar, 
less than 10% borer damage to chickpea pods was 
recorded during 1989. 
In stores, chickpea can be severely damaged by 
bruchids (Callosobruchus spp) which are common pests 
throughout the semi-arid tropics, but more devastating 
in South Asia than elsewhere. 
This paper describes the problems encountered. and 
progress made to date in suppressing H. armigera 
populations on chickpea in South Asia. 
Changing Insect Pest Problems 
Earlier, the chickpea pod borer H. armigera was con-
fined to a few places in central and southern India and 
in southern Pakistan, but it has now spread throughout 
Pakistan, India, and to some parts of Myanmar. Large-
scale cultivation of cotton and pigeonpea in India has 
aggravated the pest situation. Population fluctuation 
studies based on larval counts in unprotected chickpea 
crops from 1986 to 1989 in India revealed that H. 
armigera populations were decreasing at Kanpur, In-
dia. Populations of the semilooper, A. migricana 
considerably have increased over the years (Lal et al. 
1981). Spodoplera exigua was active during 1986 and 
1987, but it was observed in low numbers and for only 
a short period during the 1988/89 chickpea-cropping 
season. The cowpea aphid, Aphis craccivora Koch 
gained importance in northern India and T anymecus 
;ndicus F. earlier reported to be a pest of chickpea has 
now lost its pest status. 
Recent Approaches .c) Solving Chickpea 
Insect Pest Problems 
Screening and Breeding for Insect Resistance 
In South Asia the most appropriate way of reducing 
losses caused by H. armigera in chickpea is by breed-
ing for resistance or tolerance. Accordingly. since 
1976 extensive gennplasm colJections and breeders' 
lines have been screened at ICRISA T Center, India. 
During the past 8-10 years of screening and testing ICC 
506, 10667, 10619, 6663, 10817, ICCX 730008-8, 
ICCX 730041-8, ICCX 730094-18, ICCX 730020-11-
I, ICC 10870, and ICC 5264 have been identified as 
borer-resistant (Lateef 1985). Subsequently these 
genotypes were used in breeding programs at ICRISA T 
Center to combine borer resistance with high yield 
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potential. At the Directorate of Pulses Research, Kanpur. 
POE I, POE 2. POE 5, POE 7, DPR/CE 1-2. DPR/CE 
2-3, DPR/CE 3-1, and DPR/CE 7-2 showed some 
degree of resistance to Helicoverpa pod borer in 
northern India. ICCX 730008-8 and POE 2 were 
selected as donor parents for the national Helicoverpa 
resistance breeding program in India. The borer-
resistant genotypes identified by ICRISA T entomolo-
gists were also tested in Pakistan and in Myanmar in the 
International Chickpea Helicoverpa Resistance Nurs-
ery (lCHRN) multilocational testing program. Selec-
tions ICC 4935-E2793, ICCX 730020-11-1, and ICC 
10243 were found promising in Pakistan. and ICCX 
730008-8 and ICC 506 showed comparatively low pod 
borer damage in Myanmar. 
In Pakistan laboratory studies conducted at NARC 
on the resistance to bruchids in chickpea indicated a 
high level of resistance to Callosobruchus maculalu.~ 
(Fabricius) invarietyCM 72 (K.AhmedandF. Khalique. 
unpublished data). Ahmed et al. (1989) reported that 
number ofbruchid emergence holes is a better indicator 
of seed resistance to C. maculalus. 
Biological Control 
Although several species of parasites and predators are 
known to attack H. armigera larvae, they do not cause 
a rapid population reduction. Parasites are very un-
common in H. armigera eggs, laid on chickpea. Pawar 
et at (1986) reported a maximum of 31 % larval para-
sitism of H. armigera by Campo/elis chlorideae 
(Uchida) on chickpea in India. Laboratory studies at 
NARC, Islamabad, Pakistan indicated 31 to 58% larval 
parasitism of Helicoverpa by C. chlorideae (NARC 
1986). These studies have also shown that there was a 
high parasitism (48-57%) in 1 st and 2nd instar ( 1-5 day-
old) larvae (Table 1). This parasite can be effectively 
Table 1. HeUcoyer/M .rmlter. larval lu.seeptibiUty to 
C.mpoletis chloride.e in laboratory at NARC, Isla-
mabad, Pakistan durinI1986/87. 
Larval Larvae exposed Larvae Parasitism (%) 
age (b) to parasitism parasi tized ± SE 
0-24 400 222 55.5 ± 3.49 
24-48 442 213 48.5 ± 1.65 
48-72 419 206 48.4 ± 2.89 
72-96 404 190 47.5 ± 3.91 
96-120 407 231 56.7 ± 0.74 
Source: NARC 1987. 
used in managing H. armigera on chickpea in conjuc-
tion with other pest control practices. 
Helicoverpa armigera larvae also suffer from a dis-
ease caused by a nuclear polyhedrosis virus (NPV) in 
chickpea fields. This virus would appear to offer 
attractive control possibilities. It is now being commer-
cially used in the USA and Australia to control Heli-
coverpa spp. The cheapest and the easiest means of 
using the virus would be to encourage farmers to apply 
sprays that contain mashed-up larvae that have been 
killed by the virus. 
Jayaraj et a1. (1987) reported that NPV at 250 LE 
ha- I has successfully controlled H. armigera larvae on 
chickpea in India. In Pakistan, the author's laboratory 
studies with neonate larvae exposed to different con-
centrations of Bacillus thuringiensis (B.t.), malic acid 
and their combinations mixed in the artificial diet on 
which larvae were reared for 7 days at a room tempera-
ture of 25° ± 4"C showed a high larval mortality of more 
than 80% when fed on a diet containing B.t. and 4-8% 
malic acid. The studies also indicated a synergistic 
effect of malic acid on B.t. 
Cultural Control 
To date cultural practices have not offered much scope 
for pest control in chickpea. The potential of intercrops 
to reduce pest damage has been studied to some extent. 
Helicoverpa damage tends to be reduced, if chickpea is 
grown with non-legume intercrops such as mustard. 
linseed, or wheat. 
The scope for pest damage reduction by altering the 
seed rate (plant density) has been extensively assessed 
at ICRISA T Center. Reed et a1. ( 1987) reponed that the 
Helicoverpapopu]ation increases with increase in plant 
density. No significant yield difference was observed 
at densities ranging from 8-87 plants m-2 (Sithanantham 
and Reed 1979). These studies revealed no beneficial 
advantage for chickpea with enhanced seed rates. 
Insecticide Use 
Several insecticides found to be effective against H. 
armigera are also useful in controlling other lepidop-
teran insects. Large quantities of water are required for 
insecticide spraying and are difficult to obtain in the dry 
areas. Although it is easier to apply dusts, it may be 
difficult to ensure good coverage. Some farmers apply 
dusts, using muslin bags tied to sticks that are shaken 
overthecrop. In a few areas, high-volume, rocker-type 
or lever-operated knapsack sprayers are sometimes 
used. Motorized, knapsack. medium-volume, mist 
b!owers are expensive, and generally not used by 
farmers' on chickpea. Controlled droplet application 
(CDA) could also be used relatively easily on this crop. 
Tests of neem (Azadirachta indica A. Juss.) products 
such as the kernel extract were found to be as effective 
as pyrethroids against H. armigera on chickpea (Lal 
and Sachan 1987; Reed et a1. 1987). However, their 
adoption is a problem, since ensuring local availability 
of the material requires considerable attention. 
Pest Prediction and Monitoring 
Very little is known about the population dynamics of 
H. armigera on chickpea in farmers' fields. There is a 
real need to assemble and analyse relevant data, so that 
simple population dynamics models of the pest, par-
ticularly in relation to climatic factors, may be con-
structed. 
Lal et at. (1981) observed a highly erratic and vari-
able cyclic incidence of H. armigera on chickpea in 
nonhern India. Pheromone trap catch studies over 4 
years at NARC, Islamabad indicated that the popula-
tion of H. armigera peaks from 15 March to II May. 
Afzal et at. (1985) reported that multiple regression on 
humidity and temperature gave the best trap-catch 
prediction. Such studies will help in taking judicious 
plant protection measures at the right time. 
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Chickpea Insect Pests in the Mediterranean Zones and 
New Approaches to their Management 
S. Weigand and O. Tahhan1 
Abstract 
In the Mediterranean region. chickpea (Cicer arietinum L.) is attacked by several insect pests in 
the field and during storage. The most important field insect is leaf miner (Liriomyza cicerina). 
Host-plant resistance has been the main approach for its control atICARDA. Several lines with 
different degrees of resistance have been identified. and their resistance mechanism is being 
studied. Possibilities of biological control are being investigated and already several species of 
parasitoids have been found in nature. Helicoverpa armigera. Heliothis viriplaca and Heliothis 
peltigera are secondary pests. as heavy infestations are restricted to only some regions and 
years. In southern Syria. where pod infestations ranged from 30 to 50%. insect populations were 
monitored for four seasons and some aspects of integrated control are being studied. Aphis 
craccivora is important as a vector of the chickpea stunt disease causal agent (bean leafroll 
virus). In preliminary studies. differences in the pH of leaf exudates of some susceptible and 
resistant chickpea cultivars were found. The most important storage pests are different specie.'i of 
Callosobruchus. of which C. chinensis is the most dominant. A detailed survey revealed that 
infestations range from 0 to 79% in Syria. Screening did not reveal any acceptable degree of 
resistance. but some accessions of wild Cicer species were found to be resistant. In testing differ-
ent traditional methods of seed protection. olive oil with salt showed 90% effectiveness during 4 
months of storage. 
Resume 
Insectes ra vageurs du pais chiche dans les zones mMite"aneennes et de nouvelles approches 
de lutte : Dans la region mediterraneenne, le pois chiche (Cicer arietinum L.) est l'objet 
d'attaques par plusieurs insectes ravageurs dans les champs ainsi que pendant le stockage. 
L ' insecte le plus important des champs est la mine use, Liriomyza cicerina. La resistance de la 
plante-hote a ete le moyen principal de lutte contre cet insecte A l7CARDA. Plusieurs lignees 
ayant des degres de resistance varies ont ete identifiees, et les etudes actuelles portent sur leur 
mecanisme de resistance. On examine les possibilites de lutte biologique; diverses es¢ces de 
parasitoides ont dejA ete reperees dans la nature. Helicoverpa armigera, Heliothis viriplaca, et 
Heliothis peltigera sont des ravageurs secondaires, car des infestations importantes se limitent 
uniquement A certaines regions et annees. En Syrie du Sud, ou les infestations de gousses 
varient entre 30 a 50%, les populations des insectes etaient surveillees pendant quatre saisons, 
et des etudes sont en cours sur quelques aspects de la lutte integree. Aphis craccivora se 
manifeste comme un vecteur important du virus du nanisme du pois chiche (virus de 
l'enroulement du haricot). Des etudes preliminaires ont revele des differences de pH des 
exsudats foliaires de quelques cultivars sensibles ou resistants de pois chiche. us ravageurs 
des stocks les plus importants sont les especes differentes de Callosobruchus, dont C. 
I. Entomologist and Postdocloral Fellow, Food Legume Improve men I Program, International Center for Agricultural Research in the Dry 
Areas (ICARDA). P.O. Box 5466, Aleppo, Syria. 
Citation: ICRISAT (Internalional Crops Research Institute for the Semi-Arid Tropics). 1990. Chickpea in the Nineties: proceeding. of the 
Second International Workshop on Chickpea Improvement. 4-8 Dec 1989. ICRISAT Center. India. Patancheru. A.P. 502 324. India: 
ICRISAT. 
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chinensis, la plus dominante. Une etude detaillk a montre que les infestation ... varient de 0 a 
79% en Syrie. Le criblage n ~ pas mis en evidence de niveau acceptable de resistance, mais 
certaines introductions d 'especes sauvages de Cicer se sont revelees resistantes. Dans les essais 
des methodes traditionnelles de protection de semences, la combinaison huile d'olives et sel a 
montre une efficacite de 90% pendant quatre mois de stockage. 
In general chickpea (Cicer arietinum) is not much fa-
vored for insect feeding and thus is attacked by only a 
few species. However, some of these do cause exten-
sive damage, and control methods need to be devel-
oped. Here the main chickpea insect pests in the 
Mediterranean region and approaches to their control 
are discussed. 
Field Insect Pests 
Chickpea Leafminer 
Liriomyza cicerina (Rondani) is the dominant leafminer 
species in the International Center for Agricultural 
Research in the Dry Areas (ICARDA) region. Two 
other species attacking chickpea in Syria were identi-
fied as Chromatomyia horticola (Goureau) and Agro-
myza spp by Dr B. Pitkin, British Museum, Natural 
History, London, but their relative importance needs 
further study. In Syria, the leafminer starts emerging 
from its diapause in early April. Sampling of adult 
populations with the D-Vac revealed two generations, 
the first reaching peak populations in the beginning of 
May, the second in early June (Fig. I). As the adult 
population decreased, larval populations increased, as 
revealed by sampling, using water-filled trays placed 
between the plant rows to collect the full-grown larvae 
dropping to the soil for pupation. The increase in the 
larval population paralleled the increase in the propor-
tion of leaflets mined. With the onset of crop maturity 
the leafminers disappear and survive the summer and 
winter as diapausing pupae in the soil. 
At ICARDA resistance screening is conducted in the 
field under naturalleafminer infestations using a visual 
damage score. The first rating in the vegetative stage, 
estimating the percentage of the plant mined. was 
highly correlated (r = 0.8) with actual percentage of 
leaflets mined. The second rating in the reproductive 
stage estimates the defoliation, indicating whether the 
plant could tolerate the mining and/or had any effective 
defense reactions to the initial mining. To date 6800 
chickpea lines have been screened. Of 31 lines initially 
rated resistant, 10 lines consistently showed low 
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leafminer damage. Most of these lines have smaller 
leaflets and particularly small seeds. but factors such as 
plant height, days to flowering and maturity were not 
apparently correlated with resistance to leafminer (Table 
1 ). These chickpea lines are now being studied for 
possible resistance mechanisms, especially the compo-
sition and amount of leaf exudates, since the amount of 
malic acid in leaf exudates was found to be correlated 
with the degree of resistance to Helicoverpa armigera 
(Rembold and Winter 1982) . 
Preliminary studies at ICARDA revealed that a whole 
complex of leafminer parasitoids is present in the 
region. The two dominant species occuring in high 
densities were identified as Diglyphus isaea (Walker) 
(Eulophidae) and Opius monilicornis (Fischer) (Bra-
conidae) (T. Huddleston, British Museum, Natural 
History, London). In Morocco up to 20% parasitization 
of leafminer by O. monilicornis was found. The distri-
bution, seasonal occurrence, and biology and effective-
ness of these will be studied. If they prove to be 
effective, biological control could be combined with 
the use of chickpea lines with resistance to leafminer. 
Pod Borer 
In Syria chickpea is attacked by Helicoverpa armigera 
(HUbner), Heliothis viriplaca (Hufnagel) and Heliothis 
peltigera (Denis and Schiffermuller), the latter being 
only of minor importance. In most years H. armigera 
and Heliothis spp do not cause major damage in chick-
pea in northern Syria, but infestations are high in 
southern Syria. During a survey in April 1989, a season 
with high infestation, mean pod infestations in farmers 
fields in northern Syria ranged from 6 to 13% as 
compared to 20 to 40% in the south (Table 2). Popula-
tion density and development was monitored by phero-
mone traps over 4 years (1986-89) in southern Syria. 
Both H. armigera and H. viriplaca emerge in March! 
April. In all years H. viriplaca had only one peak or 
generation and disappeared after 4 weeks, whereas H. 
armigera had 3 peaks and was present throughout the 
growing season until harvest (Fig.2). Temperature and 
rainfall had major effects on the population. In 1986 
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Table 1. Leafminer resistanee ratinp and plant eharaderisties of some selected ehiekpeaUnes, Tel Hadya, 1987/88. 
Chickpea line Leaf tOO-seed Plant Days to 
(lLC No.) VDSI area (cm2) mass (g) height (cm) Flowering Maturity 
316 4 4.6 20.5 52 155 187 
394 4 5.3 20.3 59 15t 185 
655 4 4.5 23.0 57 153 18S 
822 5 3.2 20.9 55 146 181 
922 4 3.9 23.8 49 149 185 
1003 4 4.5 23.1 49 151 185 
1009 4 4.4 21.9 49 149 185 
1048 4 4.5 19.1 47 155 185 
1216 4 4.0 22.4 54 151 185 
3828 4 4.9 25.6 50 149 199 
5655 4 3.0 20.6 41 134 180 
5667 S 3.7 19.0 40 134 180 
5901 3 4.8 23.8 SO 146 182 
3397 9 4.2 59.4 58 122 182 
I. VDS = Visual damage score on a scale of 1-9, where I = no damage; 9:::; most severely damaged. 
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Table 2. Mean percentale pod Infestation of Helko",.". BIIIi,e,. and He/Jotllla 'f'JrIpIaa in two chickpea cuJtl\'an iD 
Syria, Aprlll98'. 
Ghab 1 Ghab2 
No. of Pod No. of Pod 
Province samples infestations (%) samples infestations (%) 
Kamihly 3 
Aleppo 6 
Idlib 2 
Hama 3 
Horns 1 
Tartous 1 
Oara'a 4 
Suweida 2 
and 1989 pheromone trap catches were high. probably 
due to high temperatures and low rainfall during Marchi 
April. Low temperatures during March 1987 and high 
rainfall in spring 1988 resulted in low population den~ 
sities of pod borer. Interestingly, in 1989 no H. 
armigera. but only H. virip/aca was found in the 
pheromone traps and on the chickpea plants. The 
reason for this is not known, and more study is needed. 
Winter sowing of chickpea might give an opportunity 
for an earlier build up of populations of H. armigera 
and H. virip/aca, resulting in higher infestations in the 
chickpea crop itself as well as in the following summer 
crops. Experiments are therefore being conducted on 
the effect of different sowing dates, plant density, and 
chickpea genotype on pod borer infestation. 
Aphids 
Aphis craccivora (Koch) is the main aphid species 
feeding on chickpea and an important vector of the bean 
leaf roll virus causing chickpea stunt disease. Early in 
the season A. craccivora feeds on chickpea only for a 
short time, which is, however, sufficient for virus 
transmission. High aphid densities usually occur later 
in the season. Since differences in aphid infestations of 
different chickpea lines were observed at ICARDA, 
three chickpea Jines with very low and one with high 
aphid infestation were selected for study of a possible 
mechanism of resistance by measuring the pH of leaf 
washings. Six young and 6 middle~aged leaves per 
plant were submersed in 40 mL of de~ionized water and 
shaken for 10 seconds. 
The pH ofleaf washings from the susceptible chickpea 
line ILC 1929 was higher than those from the three 
4.3 6 2.6 
6.1 4 10.0 
7.3 2 19.8 
6.8 3 11.4 
5.1 I 13.4 
2.3 I 2.0 
33.1 I 20.0 
21.9 I 40.9 
resistant lines (Fig.3). A higher pH correlated with a 
higher number of aphid colonies per plant. In all four 
chickpea lines. the pH of the leaf washings of older 
leaves was higher than that of young leaves, suggesting 
that the production of leaf exudates and malic acid 
might be decreasing with aging of the leaves. Further 
studies under controlled conditions are underway to 
elucidate this mechanism. 
Storage Insect Pests 
The most common and important storage pests of 
chickpea are the multi vol tine species Callosobruchus 
chinensis (L.) and Callosobruchus maculatus (F.) of 
which the first is the most common. In 1987 and 1989 
a survey of the importance and distribution of chickpea 
storage pests was conducted in Syria and Jordan during 
which 228 seed samples were collected from 136 
farmers and merchants. In Syria 7% of the samples 
were infested. Infestations were higher in the south, 
reaching a maximum of 70%. In Jordan 24% of the 
samples were infested and the highest infestation of 
100% was found in the north. 
The survey also revealed that fumigation with phos-
toxin is commonly used for seeds that are to be sown. 
whereas seeds for consumption sometimes are tradi-
tionally protected by mixing them with olive oil, or salt, 
or a mixture of both. 
In a laboratory experiment the effectiveness of olive 
oil, cotton seed oil. sunflower oil, com oil, and olive oil 
with salt was compared to that of two insecticides. K-
Othrin® and Actellic®. Every 2 months SO seeds were 
infested with4 female and4 male C. chinens;s. and the 
number of progeny per female counted after 1 month. 
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Ficure 3. The pH of leaf washincs and number of aphid colonies on four chickpea linn with different 
decrees of susceptibility to Aphis cTaccivoTa. 
Immediately after treatment all substances were 100% 
effective in controlling the infestations. The insecti-
cides were 100% efficient even 12 months after treat-
ment (Fig. 4). The effectiveness of conon seed. sun-
flower and com oil was shon-Iived and decreased to 
about I 0% after only 2 months. Olive oil with salt. 
however, showed 90% effectiveness after 4 months 
although the effectiveness decreased to 37% after 12 
months. 
To reduce the use of insecticides a screening pro-
gram was carried out at ICARDA to identify chickpea 
lines with resistance to C. ch;ntns;s. In the screening 
of 6697 kabuli chickpea lines seed infestation ranged 
from 32 to 100%. and the progeny per female from 5 to 
97. No acceptable degree of resistance was found. In 
the screening of 137 accessions of 8 wild Our species 
however. 61 accessions with some resistance were 
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Table 3. Resistance of 61 selected accalions of' wild 
Cicer species to C.Jlo«Jbrudl .. chinemi8 measured by 
number of pl"OItny per feDUlIe and percenta.e seed 
infestation. 
No. Progeny Seed 
Cicer of femaJe- 1 infestation 
species accessions (Range) (%) (Range) 
C. bijugum 20 0 - 0.5 0- 4 
C.judacjum 19 0 -10.5 . 0-80 
C. reticuJ.tum J2 0 - 4.0 0-24 
C. cune.tum 3 0 - 1.3 0-8 
C. echinospermum 3 0 0 
C. pjnnlltifldum 3 6.3-11.8 SO-8J 
C. chorasslUJicum I 2.5 20 
Susceptible control 46 100 
J()() 
Actellic 
----- K-othrin 
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---- Olive oil 
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Figure 4. The percentage efficiency (measured by progeny female-lover a I-year period) of different 
plant oils and two insecticides for control of Callosobruchus chinensis on stored chickpea seeds. 
selected (Table 3). Considering accessions with less 
than 4 progenies per female and 30% seed infestation as 
resistant. 38 accessions were selected for more detailed 
studies. Cicer echinospermum. which allowed neither 
bruchid progeny production. nor seed infestation. is 
particularly promising. This species will be studied for 
mechanisms of resistance. to detennine whether resis-
tance is due to seed morphology or chemical properties. 
Reference 
Rembold,H.,and Winter,E. 1982. The chemist's role 
in host-plant resistance studies. Pages 241-250 in 
Proceedingsofthe International Workshop on Heliorhis 
Management. 15-20 Nov 1982. ICRISAT Center. In-
dia. Patancheru. A.P. 502 324. India: International 
Crops Research Institute for the Semi-Arid Tropics. 
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DamagelYield Relationships due to Helicoverpa armigera 
(Hfibner) Larvae in Chickpea in India 
V.K. Sehgall 
Abstract 
In/ormation on damage/yield relationships (DYRs) is essential to establish economic injury 
levels. Linear correlations between yield reduction and pod damage (PD) in unprotected 
compared with protected crops in All India Coordinated Pulses Improvement Project (A1CPIP) 
(1982-88) insecticide trials showed significant positive values for Pantnagar and Hisar in the 
north and Coimbatore in the south. Severe PD close to maturity cannot be compensated for and 
is reflected in yield reduction. However,foliar damage. common in warmer southern India, can 
well be compensated for by plants resulting in insignificant DYRs. 
Resume 
RelatlollS di,lts/rendement dues aux 11ITJ't!S de Heliconrp. armiler. (Hiibner) dJez Ie pols 
dJidJe en Inde: Des informations sur les relations degAts/rendement sont indispensables A 
ltttablissement des seuils de nuisibilite. Dans Ie cadre des essais insecticide du Projet 
coordonne indien d 'amelioration des legumineuses (AICPIP), de 1982 A /988, les correlations 
Jineaires entre la reduction de rendement et les de gAts aux gousses, dans les cultures protegees 
vis-A-vis les cultures non protegees, ont montre des va/eurs positives significatives pour 
Pantnagar et Hisar dans Ie nord et pour Coimbatore dans le sud. Des degAts tres importanrs 
aux gousses vers le stade de maturation ne peuvent pas atre compenses et se manifestent dans 
les reductions de rendement. Cependant, les degAts foJiaires, tres repandus dans la region plus 
chaude du sud de l1nde, peuvent ttre compenses par les plantes permettant ainsi des relations 
degAts/ rendement insignifiantes. 
Most economic insect damage to chick.pea in India. is 
due to larval feeding on flowers and pods. Crop losses 
caused by insect pests are known to vary considerably 
between years and areas, because of differences in 
agronomic practices and environmental factors (Mat-
thews 1984). Chickpea pod borer damage (PD) also 
varies in different agroecological regions (Sehgal and 
Pimben. unpublished). Although infonnation on dam-
age yield relationships (OYRs) are essential to estab-
lish economic injury levels, this area has not received 
much attention from chickpea entomologists. The 
main objective of this paper is to evaluate the available 
data in India, and use it to assess DYRs in chickpea. 
Methodology 
To study DYRs in different agroecological regions, 
correlations between percentage yield reduction in 
unprotected and protected plots in All India Coordi-
nated Pulses Improvement Project (AICPIP) (1982-
88) insecticide trials, and % PD, applying Abbott's 
1. Senior Entomologist (Pulses), Dcpanment of Entomology. CoUe~ of Agriculture. O.B. Pant University of Agriculture and Tec:hnology, 
Pantnagar 263 145, Uttar Pradesh. India. 
Citation: ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Chickpea in the Nineties: proceedings of the 
Second Intentational Workshop on Chickpea Improvement. 4-8 Dec 1989, ICRISAT Center, India. Patancheru. A.P. ~02 324. India: 
ICRISAT. 
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Figure I. Relationship between yield reduction (%) in unprotected treatments in All India Coordinated Pulses Improvement Project (AICPIP) 
inst'Cticide trials (1982-88) and pod damage (%. adjusted) by Helicoverpa armigera, for data from Ludhiana, Hisar, Pantnagar, Delhi, 
Kanpur, Dholi, Sehore. Rahuri, Gulbarga, and Coimbatore. 
fonnula as below, were computed for various data sets 
from Ludhiana 31 oN. Hisar 29.5°N, Pantnagar 29"N. 
Delhi 29"N. Kanpur 26°N. Dholi 26° N. Sehore 2JoN, 
Rahuri 19"N. Gulberga I7°N and Coimbatore lioN. 
Adjusted % PD = 
(% PD in unprotected plots - % PD in protected plots) x 100 
( 100 - % PD in protected plots) 
Results and Discussion 
Data sets co.llected in AICPIP insecticide trials between 
1982 and 1988. were analyzed for linear relationships 
between yield reduction and adjusted pod damage. The 
results of the analyses are shown in Figure I. Highly 
significant positive linear correlations were obtained 
for data from Pantnagar and Hisar in northern. and 
Coimbatore in southern India. Less significant. but 
positive linear correlations were also obtaianed for data 
from Sehore and Rahuri. At other places the percentage 
reduction in yield could not be directly related to PD. 
Reed et al. (1987) suggested that % PD cannot be 
directly related to yield loss. as foliar damage may 
reduce the number of pods that are carried by the plants. 
In the major chickpea-producing areas of northern 
India. little foliar damage occurs during the vegetative 
stage. due to the low mean winter temperatures that 
inhibit larval activity. Yet the crop often suffers sub-
stantial pod damage in . hot spots' such as Pantnagar 
and Hisar. where peak larval populations are synchro-
nized with pod development. At such places there is 
little compensation for pod damage. because damage 
occurs when the crop is near maturity. Here PD shows 
a significant positive relationship with yield loss as it 
did in an experiment at ICRISAT Center. where there 
was insufficient time to allow compensatory pods to 
fonn or mature (Sehgal et al.. unpublished). Pod 
damage and yield. adjusted for variability between 
years. had significant negative linear correlations at 
Pantnagar (Sehgal and Ram Ujagir 1990). At other 
places in central and southern India. the chickpea crop 
often suffers low to moderate damage. because of the 
nonsynchrony of pest populations and pod develop-
ment (Sehgal and Pimbert. unpublished). At such 
places compensation. first for foliar and then for flower 
and pod damage. is continuous so long as growth 
conditions pennit such compensation. 
Conclusion 
Chickpea yields vary in different agroecological re-
gions. due to variations in pest pressure. agronomic 
practice, and environmental factors. Severe pod dam-
age close to maturity cannot be compensated for. and 
shows a direct relationship with yield. Moderate foliar 
or early pod damage stimulates compensation. and 
plants often recover and fonn pods if subsequent pest 
pressure eases. and growth conditions so penn it. DYR 
studies are essential to establish meaningful economic 
injury levels under local pest pressures. and to develop 
safe and economic pest management practices. 
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Host-plant Resistance to Helicoverpa armigera in Different 
Agroecological Contexts 
s.s. Lateef' and J.N. Sachan1 
Helicoverpa (Heliothis) annigera (Hubner) is a major pest of chickpeas (Cicer arietinum L.) in 
many areas of the world and causes substantial losses in yields. To reduce such losses host-
plant resistance is an important strategy. Since 1976, more than 14 ()()(J germplasm accessions 
and breeding Jines have been screened under open-field. unsprayed conditions at ICRISAT 
Center in India. Some of the Jines were found to suffer considerably less borer damage than 
others, and subsequent tests confirmed the level of resistance/tolerance to Helicoverpa. Since 1980, 
these selections and breeding lines were assessed for their performance together with the borer-
tolerant genotypes identified by the AlCPIP entomologists in different agroecologica/ zones of 
India. The results obtained from the collaborating centers are discussed. A comparison of the 
varietal performance was made by giving Relative Resistance Ratings. The selections ICC 506, 
ICCV 7 (lCCX 730008-8-I-IP-BP), ICC 6663, ICC 10817, ICCL 86102)CCL 86103, ICC 4935-
E2793. ICCX 730041-8-I-B-BP. PDE-2, and PDE-5 were found to have a good level of 
resistance to H. annigera across the agroecological zones of India in comparison with the 
standard controls of the relevant maturity groups. International Chickpea Heliocoverpa Resistance 
Nurseries were supplied in 1985 by ICRISAT to collaborating scientists in India and elsewhere 
for a systematic assessment of Helicoverpa resistance in germplasm selections and breeding 
lines. Results indicated the suitability of certain selections in different regions. The limitations 
and problems in undertaking such testing are also discussed. As most of the borer-resistant 
selections were found to be susceptible to fusarium wilt and ascochyta blight. it is essential to 
incorporate the disease resistances in them for a stable production. 
Resume 
RhllstlUlee de I. pllUlte-biJte. HeUcoverpa armtlera dlUlS des contextes .".Dkologlques 
".dls : Hehcoverpa (HeJiothis) armigera (Hubner) est un ennemi majeur du pois chiche 
(Cicer arietinum L.) dans bien des regions du monde et occasionne des pertes de rendement 
importantes. Pour reduire ces pertes, une strategie importante est ceJJe de la resistance de la 
plante-hlJte. Depuis 1976, plus de 14 ()(}() introductions de materiel genetique et /ignks de 
selection ont ete criblks dans des conditions de culture en champs ouverts, sans pulverisation, 
au Centre lCRlSAT en Inde. On a constate que certaines des lignees subissent considerable-
ment moins de degAts par les foreurs que d'autres lignks. Les esssis ulterieurs ont aussi 
conflrme Ie niveau de resistance/tolerance A Helicoverpa. Depuis 1980. ces plante, selection-
nees et lignees de selection ont ete evaJuees pour leurs performances, conjointement avec les 
genotypes toJerants aux foreurs, identifies par les entomologistes de l'AICPIP dans differentes 
l. Entomologilt, LeJUlDfll Propam. IntemationaJ Crops Reacarch Instirute for the Semi-Arid Tropics (lCRISAT), Patancberu. Andhra 
Pradesh S02 324. India. 
2. Principal Scientist (Entomology), .Directorate of Pulses Reacarch, Kalyanpur, Kanpur 208 024, Uttar Pradesh, India. 
ICRISAT Conrerence Paper no. CP S63. 
Cltatloa: ICRISAT (International Crops Research Instirute ror the Semi-Arid Tropics). 1990. OIickpea in the Nineties: proceedin8i or the 
Second IntanationaJ Worbbop on Chickpea Improvement. 4-8 Dec 1989. ICRISAT Center, India. Patanchcru. A.P. S02 324. India: 
ICRISAT. 
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zones agro6cologiques de l'Inde. us resultats obtenus en provenance des centres cooperatifs 
sont exposes et examines. Une comparaison de la performance varietale a ete effectuee en 
designant les niveaux de resistance relative. On a constate que les lignees selectionn6es ICC 
506, ICCV 7 (ICCX 730008-8-l-IP-BP), ICC 6663, ICC 10817, ICCL 86102, ICCL 86103, 
ICC4935-E2793, ICCX 73004/-8-l-B-BP, PDE-2, et PDE-50nt un bonniveauderesistancea 
H. armigera dans les diverses zones agroecologiques de l'Inde, en comparaison avec les 
temoins standard des groupes de maturite correspondants. Des p6pinieres internationales 
pour la resistance du pois chiche .9 H elicoverpa ont ete f ournies par 1 'I CRISA T, en /985, a des 
chercheurs cooperatifs en Inde et aiJJeurs, en vue dune evaluation systematique de la resist-
ance.9 Helicoverpa dans des plantes selectionnees et des lign6es de selection. us resultats ont 
indique comment certaines selections conviennent dans differentes regions. Les limites et les 
problemes imposes .9 la realisation de tels essais sont egalement discutes. La plupart des lignees 
resistantes aux foreurs etant sensibles au fletrissement fusarien et.9 la fletrissure ascochytique, 
il est essen tiel de leur incorporer la resistance aux maladies, afin d'assurer la stabilite de la 
production. 
The lepidopteran pod borers, Helicoverpa armigera 
(Hubner), Helicoverpa zea (Boddie), Heliothis vires-
cens (Fab.), and Heliothis viriplaca (Hufnagel) have 
been reported as important widespread pests of chick-
pea (Cicer arierinum L.) (Lateef 1985; Reed et al. 
1987). Among theseH. armigera is the major pest, and 
can cause substantial crop losses in almost all countries 
where chickpea is grown, particularly in Africa, Asia, 
Australia, and Europe. 
Considering the losses caused by H. armigera over 
areas and years, an intensive pest resistance screening 
program was initiated in 1976 at ICRISA T Center 
(Lateef 1985). Several lines were found to possess 
good levels of resistance/tolerance to H. armigera. 
These lines were incorporated in breeding programs to 
enhance the level of resistance in high-yielding varie-
ties (Gowda et al. 1985; Reed et al. 1988). Since 1980, 
resistant/tolerant selections and breeding lines have 
been assessed for their performance along with borer-
tolerant selections identified by entomologists from the 
All India Coordinated Pulses Improvement Project 
(AICPIP) working in different agroecological zones in 
India under the AICPIP Program of Advance Stage 
Testing of Chickpea Promising Selections. Due to 
certain limitations in this multilocational testing and to 
problems in maintaining uniformity in testing across 
locations in India and elsewhere, International Chickpea 
Helicoverpa Resistance Nurseries (ICHRN) were es-
tablished in 1985 (ICRISAT 1987). A set of genotypes 
representing different maturity groups was supplied to 
cooperators in India and other chickpea-growing coun-
tries. We summarize here data on the overall perform-
ance of Helicoverpa resistant varieties grown in differ-
ent agroecological zones of the semi-arid tropics. 
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Screening of Germplasm and Breeding 
Lines 
A method of screening genotypes in separate trials 
under open-field conditions was developed at ICRI-
SA T, wherein entries have a narrow range of maturities 
and the '''control'' cultivar is of similar maturity. The 
percentage of pods damaged at maturity in the test 
entries was compared with that of the controls in the 
trial. The test entries were rated for relative resistance 
(RR) using a formula suggested by Lateef and Reed 
(1985). 
Since 1976, more than 14000 chickpea germplasm 
accessions and breeding lines have been screened at 
ICRISA T Center. under open-field pesticide-free con-
ditions. Entries that yielded less, and suffered greater 
pest damage than the controls were rejected. In this 
way several lines with considerably and consistently 
reduced susceptibility to H. armigera have been iden-
tified (Table I). The results of testing lines bred for 
He/icoverpa resistance since 1985 are presented in 
Table 2. 
Multilocational Testing of Promising Se-
lections by ICRISA T/ICAR 
Since 1980, the genotypes found to be promising at 
ICRISAT were made available every year to several 
collaborators from different research centers in five 
agroecological zones in India, viz., West Zone (WZ), 
North West Plain Zone (NWPZ), North East Plain 
Zone (NEPZ), Central Zone (CZ), and Southern Zone 
Table 1. Mean Relatin Resistance Rating (RR) and 
Percentage Borer Damage (BD) of cbickpea lenotypes 
resistant to H~/'co't'~rp •• rmj,~r. (Habner) under 
pesticide-free conditions at ICRISAT Center, 1979-89. 
Chickpea genotypes Mean RRI 
Desi short-duration group 
ICC 506 3.0 (9)3 
ICC 10667 3.1 (9) 
ICC 10619 3.4 (9) 
ICC 6663 3.5 (10) 
ICC 10817 3.6 (10) 
ICCV 7(1CCX 730008-8) 3.8 (8) 
Controls 
Annigeri 1 6.0 (10) 
JCCX 730266 (susceptible) 7. J (9) 
Desi medium-duration group 
ICC 4935-E2793 2.8 (10) 
ICCX 730041-8-1-8-8P-E8 3.8 (10) 
ICCX 730094-1 8-2-1 P-8P-E8 4.6 (10) 
Controls 
K 850 6.0 (10) 
ICC 3137 (susceptible) 8.5 (10) 
Desi long-duration group 
ICCX 730020-11-1-IH-8-EO 4.3 (10) 
Control 
H 208 6.0 (10) 
Kabuli medium-! long-duration group 
ICC 10870 4.3 (9) 
ICC 5264-EIO 3.8 (10) 
ICC 8835 5.4 (8) 
80 (%)2 
1.1-12.8 
1.7-14.2 
2.7-21.0 
1.1-31.8 
2.4-30.0 
3.8-11.8 
13.2-36.3 
14.9-33.0 
2.3-11.9 
1.7-38.2 
3.8-20.0 
J 1.4-40.9 
13.5-65.5 
2.8-26.9 
3.8-44.3 
4.4-39.3 
2.5-28.3 
J 1.6-26.7 
Control 
L 550 6.0 (10) 2.8-39.4 
I. Relative Resistance Rating (RR) scored on a scale of 1-9, 
where I " resistant, 9 susceptible (Lateef and Reed 1985). 
2. Range of percentage borer damage to pods 1979-89. 
3. Figures in parentheses indicate number of years in trial. 
(SZ). The data received from the collaborators-as 
summarized in AICPIP Entomology Reports on Rabi-
Pulses 1981-89- were processed, and relative resis-
tance ratings were given. The zonewise overaJl means 
of these ratings for the promising selections grouped by 
maturity are given in Table 3. The data from these 
multilocational trials indicate that borer incidence varied 
greatly from place to place and season to season. At 
some triwlocations borer incidence was too low for a 
good comparison to be made. Often there was no 
unifonnity in grouping the materiw. no consistency in 
testing. and no means of proper comparison. At many 
places appropriate controls were not grown. Yield data 
were also missing for some tests. Many selections were 
tested only once or twice during a period of J 0 years. 
However, from the data available itcan be seen that the 
selections ICC 506.ICCX 730008 (ICCV 7). ICC 6663, 
ICC 10817. ICCL 86102, ICCL 86103, POE 2, and 
POE 5 in the desi short-duration; ICC 4935-E2793 and 
ICCX 730041 in the desi medium-duration; and ICCX 
730020-11 ~2 in the long-duration groups showed re-
sistance to Helicoverpa across agroecologicaJ zones. 
Most of these selections have produced greater yields 
than the control cultivars. wherever they were tested 
more than once. Two of these se lections, ICCX 730008 
(lCCV 7) and PDE 2 were identified by AICPIP in 1986 
as donor parents for Helicoverpa resistance breeding 
programs in India. 
International Chickpea Helicoverpo. Re ... 
sistance Nurseries (ICHRN) 
To overcome some of the problems faced in maintain-
ing unifonnity across Jocations in the multilocational 
testing program in collaboration with AICPIP ento-
mologists, International Chickpea Helicoverpa Resis-
tance Nurseries (lCHRN) were established at ICRI-
SAT in 1985 (ICRISA T 1987). These nurseries were 
offered to chickpea scientists in India and other coun-
tries. Collaborators from Austrwia, Bangladesh, Bra-
zil, Ethiopia, India, Iran. Kenya. Mexico, Myanmar, 
Nepal, Pakistan, the Philippines. Sudan, Syria, Tanza-
nia and Tunisia were supplied with the seed material of 
the maturity trials they requested along with all the 
details required to conduct trials unifonnly and to 
collect information on; agroclimatologic conditions of 
the region, resistance levels, and the regional adaptabil-
ity of the test entries. The borer resistant/tolerant 
selections which have to date been found promising in 
seven countries are presented in Table 4. The interpre-
tation of the results in connection with agroecologicaJ 
zonation is in progress, and will be finalized when 
information from all the participating countries has 
been received. 
In general, these nurseries provide useful results 
fairly quickly because the testing is unifonn and allows 
comparisons to be made across locations. A major 
drawback to multilocational testing has been that the 
seed failed to reach collaborators in some countries on 
time. Moreover, entomologists were not always avail-
able to record pest activity at all locations, although 
other scientists were very cooperative in providing 
relevant infonnation. 
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00 Tale 1. Relatln Reliltlace IbtID. (RR) ad JIeId (t ",-1) of ddd.:.pea IbIes bred for ReIko,."".redIIaace mader pesticide-free COIHtitIoDs, at ICRISAT CeafIJr, 1985-19 • • 
1985/86 1986/87 1987/88 1988/89 Mean Yield Chickpea (%of 
lines RRI Yield RR Yield RR Yield RR Yield RR Yield control) 
ICCL 86101 2 0.97 5 1.18 3 1.26 5 1.04 3.3 1.11 103 
ICCL 86102 3 1.16 3 1.26 3 1.12 4 1.02 3.3 1.14 106 
ICCL86103 Nf2 3 1.19 3 1.53 2 0.90 2.7 1.21 112 
ICCL86I04 NT 4 1.37 4 1.39 8 0.89 5.3 1.22 113 
ICCV7 3 0.81 5 1.19 3 1.28 3 1.01 3.5 1.07 99 
Control 
Anniaeri 6 0.86 6 1.16 6 1.19 6 1.12 6.0 1.08 
SE ±OJ)96 ±O.l2S ±O.l13 ..l 
(36)4 (20) (20) 
BD9fJJ control 8-19 
ICCL 86105 NT 3 2.03 7 1.16 9 0.90 6.3 1.36 108 
Control 
K 850 NT 6 1.35 6 1.29 6 1.13 6.0 1.26 
SE ±O.112 to.ll3 
(24) (20) 
BJ)%control 10-36 
ICCL86106 NT 5 0.95 3 0.84 8 0.95 5.3 0.91 100 
Control 
8208 NT 6 0.76 6 0.92 6 1.05 6.0 0.91 
SE ±O.I20 to. 103 
(16) (14) 
BD(%) control 4-28 
I. Relative Resistanc::e Ratinl (RR) ICOred on a scale of 1-9. where 1 :: resistant and 9:: suxeptible (Latecf and Reed 1985). 
2. NT:: not tested. 
3. -:: no SE becaute yieldt were (rom large unreplicated plots. 
4. Figures in parentheses indicate number of trials. 
5. BO(%):: percentase borer dam. to pods (ranat). 
Table 3. Mean Relative Resistance Ratinp (RR)I in ICRISA T IICAR advanced "ae testina of pro ....... ebiekpea 
aeledio .. under pesticide-free conditioDJ in different aaroecoloaical zones in ladla, 1980-89. 
Indian zones 
Promising Northeast Northwest 
selections and South Central plains plains West 
control cultivatl (SZ) (CZ) (NEPZ) (NWPZ) (WZ) 
Desi short-duration 
ICC S06 4.0 (8)2R3 5.7 (3)R 4.0 (2)R 5.0 (3)R _4 
ICCX 730008-8-1-IP-BP-EB 3.4(15)R 4.8 (8)R 4.6 (9)R 5.3(1I)R 
ICCX 730162-2-IP-B-EB 6.0 (4) 5.0 (2)R 
ICCX 730213-9-1-3H-B 5.0 (4)R 9.0 (I) 
ICC 6663 4.4 (5)R 5.0 (3)R 3.5 (2)R 5.5 (2)R 
ICC 10817 3.7 (3)R 3.5 (2)R 3.8 (4)R 4.8 (5)R 
ICCL 86101 3.2 (5)R 3.0 (3)R 4.0 (4)R 6.2 (6) 
ICCL 86102 3.0 (5)R 5.7 (3)R 4.5 (4)R 4.8 (5)R 
ICCL 86103 2.7 (3)R 5.0 (2)R 
rCCL 86104 3.3 (3)R 4.0 (2)R 6.0 (I) 8.0 (I) 
CIO 6.0 (I) 3.0 (I) 3.0 (2)R 
PDE2 4.8 (5)R 5.8 (4)R 3.9 (7)R 5.6 (8)R 
PDE5 4.0 (5)R 5.8 (4)R 2.8 (4)R 5.8 (7)R 
DPR/CE 7-2 4.0 (I) 6.0 (1) 5.8 (6)R 
DPR/CE 1-2 4.0 (I) 4.7 (3)R 7.0 (5) 
DPR/CE 3-1 4.0 (I) 4.0 (3)R 6.0 (6) 
DPR/CE 2-3 3.0(1) 4.7 (3)R 6.7 (6) 
Control 
Annigeri 6.0(11) 6.0 (2) 6.0 (3) 
BD%S control 2-35 1-30 3-18 8-65 
Desi medium-duration 
ICC 4935-E2793 4.9(13)R 4.8(12)R 4.3(18)R 5.7(24)R 6.0 (I) 
ICCX 730041-8-I-B-BP-EB 4.5 (8)R 4.8 (4)R 3.0 (4)R 5.2 (7)R 
BDN 9-3 5.0 (I) 5.0 (3)R 6.0 (I) 8.0 (I) 
rccx 730185-2-4-IH-EB 7.3 (4) 4.8 (6)R 5.3 (7)R 5.5 (4)R 5.0 (I) 
ICCX 730179-24-1-IH-B-EB 5.3 (4)R 5.2 (6)R 5.7 (6)R 6.7 (4) 5.0 (I) 
ICC 3474-4EB 5.3 (3)R 5.6 (4)R 5.7 (3)R 6.0 (4) 6.0 (I) 
ICCX 730190-12-IH-B-EB 6.0 (3) 5.3 (3)R 6.0 (4) 6.0 (2) 6.0 (I) 
ICCX 730025-11-3-IH-EB 6.0 (3) 4.5 (2)R 5.2 (5)R 6.0 (2) 6.0 (I) 
ICC 5800 7.3 (3) 4.3 (3)R 8.7 (3) 7.0 (2) 
S 76 3.1 (I) 3.0(1) 3.5 (2)R 5.5 (2)R 6.0 (I) 
N 37 4.6 (5)R 6.3 (4) 4.3 (4)R 6.8 (9) 
PDEI 4.0 (I) 3.0 (1) 5.0 (2)R 
ICC 3473-4EB 7.7(3) 5.6 (I) 5.4 (5)R 7.0 (2) 6.0 (I) 
Control 
C 235 6.0 (4) 6.0 (8) 6.0 (8) 6.0(16) 6.0 (I) 
BD% control 3-41 3-57 < 1-35 5-74 2-3 
Desi long-duration 
ICCX 730020-II-I-IH-EB 6.1(10) 4.7 (3)R 4.0(12)R 5.9(22)R 
ICCX 730020-11-2-IH-EB 5.0 (3)R 4.7 (3)R 5.8 (4)R 5.2 (4)R 6.0(1) 
ICC 10243 5.2 (6)R 6.3 (4) 4.6 (7)R 5.6(18)R 
continued 
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Table 3. continued 
Indian lones 
Promising Northeast Northwest 
selections and South Central plains plains West 
control cultivars (SZ) (CZ) (NEPZ) (NWPZ) (WZ) 
GL 1002 8.0 (2) 4.0 (2)R 4.6 (8)R 
Pant G-I J4 4.7 (3)R 
PDE7 6.0 (5) 9.0 (3) 4.7 (6)R 6.7 (9) 
Controls 
H 208 6.0 (4) 6.0 (5) 6.0 (4) 6.O(J9) 
G 130 6.0 (5) 6.0 (5) 6.0 (4) 6.0( 6) 6.0(1) 
BD%control 4-28 4-30 1-24 3-74 3-4 
Kabuli medium and long-duration 
ICCX 730244-17-2-2H-EB 7.0 (3) 3.7 (6)R 5.1(l3)R 
ICC 5264-ElO 5.0 (2)R 5.0 (5)R 
ICC 4856 5.0 (3)R 9.0 (I) 6.3 (3) 6.3 (3) 
ICC 5264-E9 3.0 (I) 7.0 (1) 3.0 (2)R 4.0 (I) 
ICC 7966 5.0 (2)R 6.0 (I) 5.0 (2)R 7.0(1) 
ICC 7559-4EB 5.5 (2)R 7.0(1) 4.0 (I) 5.0 (2)R 6.0(1) 
ICC 2553-3EB 4.0 (2)R 6.0 (J) 6.0 (I) 7.0 (4) 5.0(1) 
ICC 2695-3EB 4.5 (2)R 6.0 (1) 9.0 (I) 6.8 (4) 7.0(1) 
Control 
L550 6.0 (5) 6.0 (2) 6.7 (3) 5.3 (8)R 6.0(1) 
BD% control 6-23 < 3.0 5-216 3-797 3-4 
I. Relative Resistance Rating (RR) scored on a scale of 1-9, where 1 = resistant and 9 = susceptible (Lateef and Reed 1985). 
2. Figures in parentheses indicate number of trials. 
3. R = resistant. 
4. - = no data. 
5. BD% = percentage borer damage to podli (range). 
6. Compared with ICC 3137. 
7. Compared with C 235. 
Conclusions 
As the result of the intensive screening program at 
ICRISA T Center, AICPIP Centers, and from multilo-
cational testing several genotypes resistant to H. 
armigera, have been identified and most of these are 
being used in breeding better borer-resistant genotypes 
with high-yielding characters. Many of these genotypes 
have also been found resistant in different agroecologi-
cal zones under the infeSlation conditions at the test 
locations. 
ICRISA T breeders have now initiated a gennplasm 
enhancement program to increase the levels of pest 
resistance in chickpea, that should produce high-yield-
ing genotypes with greater levels of resistance in the 
near future. 
Yields of selections tested in different zones are not 
presented in this paper. However, in ascenaining their 
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suitability for a given location. the yield potential in 
that environment is also taken into consideration. Most 
of the borer resistant/tolerant selections were found to 
be susceptible to diseases, particularly to fusarium wilt 
and ascochyta blight. A few of the borer-resistant lines 
are resistant to fusarium wilt and some are resistant to 
ascochyta blight. In view of the increase in the inci-
dence of diseases in chickpea-growing areas, it is 
essential to incorporate multiple disease resistant char-
acters into high-yielding borer-resistant material to 
ensure yield stability. 
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T.bIe .t. Mean Relative Resistanee R.tine (RR) in International Chickpea Helko"f!IJM Resistance Nurseries (lCHRN) tested in diffenmt COIIIItries aacI in differellt 
.... oecoIopcaJ IOMS in 1Ddia, 1915-19. 
Indian zones 
North- North-
South- west east 
South Central eastern plains plains Bangia-
Chickpea genotypes (SZ) (CZ) (SEZ) (NWPZ) (NEPZ) desh Mexico Myanmar Pakistan Syria Tanzania 
Short-duration group 
ICCX 73000S-S-I-IP-BP 3.4(5)2Rl 5.7(8)R 4.0(1) 
-" 3.0(1) 5.2(4)R 2.0(1) 
ICC S06 3.2(5)R 4.5(8)R 4.0(1) 3.0(1) 5.3(4)R 2.0(1) 
ICCL 86103 2.5(2)R 5.5(4)R 3.2(1) 4.0(1) 2.0(1) 
ICCLS6104 2.5(2)R 5.2(4)R 3.0(1) 5.0(1) 3.0(1) 
ICCL 86101 3.0(2)R 5.5(4)R 3.0( I) 7.0(1) 
ICCL 86102 3.0(2)R 4.7(4)R 3.0(1) 6.0(1) 
Controls 
Annigeri I 6.0(5) 6.O(S) 6.0(1) 6.0(1) 6.0(4) 6.0(1) 
Local 5.0(3)R 6.3(S) 3.5(2)R 4.0(1) 7.5(4) 3.0(1) 
BO%' control 5-26 5-28 27 30 < 1-17 47 4 
Medium-duration group 
ICC 4935-E2793 3.0(2)R 4.S(5)R 5.7(3)R 5.0(1) 3.0(1) 8.0(1) 8.0(1) 5.5(2)R 3.0(1) 3.0( I) 
ICCX 730041-8-1-B-BP 4.0(2)R 4.8(4)R 5.4(2)R 6.0(1) 2.0(1) 8.0(1) 8.0(1) 8.5(2) 3.0(1) 
ICCL86105 6.0(1) 5.0(1) 3.0(1) 
Controls 
Local 5.0(5) 6.0(3) 2.0(1) 7.0(1) 4.0(1) 6.0(2) 3.0(1) 
K850 6.0(2) 6.0(5) 6.0(3) 6.0(1) 6.0(1) 6.0(1) 6.0(1) 6.0(1) 
BD%control 11-16 3-13 8-31 14 16 3 13 2-13 ' 3 
ICC 5264-ElO 7.0(2) S.2(4)R 6.7(3) 9.0(1) 6.0(1) 8.0(1) 6.0(1) 7.0(2) 5.0(1) 
Control 
L550 6.0(2) 6.0(5) 6.0(2) 6.0(1) 6.0(1) 6.0(1) 6.0(1) 6.0(2) 6.0(1) 
BD% control 13-14 3-21 13-17 3 26 4 30 3-12 4 
Long-duration group 
ICCX 73OO20-11-1-18-B 6.0(1) 6.5(2) 5.3(3)R 5.7(3)R 9.0(1) 5.0(1) 3.5(2)R 3.0(1) 5.0(1) 
-
ICC 10243 
00 
4.0(1) 4.0(3)R 4.0(3)R 5.0(3) 9.0(1) 6.0(1) 3.0(2)R 2.0(1) 
...., 
Continued 
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Table 4. Continu«l. 00 
00 
Indian zones 
North- North-
South- west east 
South Central eastern plains plains BanaJa-
Chickpea aenotypes (SZ) (CZ) (SEZ) (NWPZ) (NEPZ) desh Mexico Myanmar Pakistan Syria Ta.azaDia 
ICCL86106 9.0(1) 3.0(1) 3.0(1) 
Control 
Local 6 . .5(2) 4.0(3)R 8.5(2) 5.0(1) 7.0(1) 3.S(2)R 6.0(1) 2.0(1) 
H208 6.0(1) 6.0(2) 6.0(3) 6.0(3) 6.0(1) 6.0(1) 6.0(2) 6.0(1) 6.0(1) 
BD%control 7 3-10 c)"30 20-32 <3 3-22 1-28 3 
ICCX 730244-17-2-2H 6.0(1) 7.0(2) 8.0(3) 5.3(3)R 7.0(2) 6.0(1) 7.0(2) 4.0(1) 
Control 
Rabat 6.0(1) 6.0(2) S.7(3)R 6.0(3) 6.0(1) 6.0(1) 6.0(2) 6.0(1) 
BD%control 5-13 12-33 1()"'43 <5 27 2-13 5 
I. Relative ResiItaDcc Rahill (RR) score on • scale of 1-9, where 1 :: resistant and 9:: susceptible (Lated and Reed 1985). 
2. Fipres in parentheta indicate number of trials. 
3. R:: resistanl 
•. -:: no data. 
S. BD%:: pen::entqe borer dam. to pods (ranae). 
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Mechanisms of Host-plant Resistance with 
Special Emphasis on Biochemical Factors 
H. Rembold
'
, P. Wallner1, A. Kohne1, S.S. LateeP, 
M. Grune1, and Ch. Weigner 
Abstract 
Chickpea (Cicer arietinum) semiochemicals are one component of its resistance/susceptibility 
against attack by phytophagous insects. These signal chemicals have been studied on the basis of 
field resistance data and of insect behavior by use of ol/actometer (larvae) and flight tunnel 
(adults) assays. In collaboration with ICRISAT. the main emphasis has been placed on the gram 
podborer. Helicoverpa (Heliothis) armigera. In collaboration with ICARDA the leafminer. 
Liriomyza cicerina. has been recently included as another pest of chickpea. From the distance-
perceivable signals. four volatiles (pentan-I-ol. t1-3-carene. myrcene. «-pinene) have been 
identified as components of the chickpea kairomone. Their 2:5:J:9 mixture is highly attractive 
to H. annigera under laboratory conditions. to larvae as well as to the female adults. It elicits 
attractiveness specifically to the egg-laying moth. Chickpea exudates are candidates for contact 
resistance. The main components of exudates are malate and oxalate which are present in 
variable absolute and relative concentrations. However. there are characteristic differences. 
depending on varieties. diurnal cycles. and growth stage. Interrelation cf these semiochemicals 
with other resistance factors are discussed on the basis of their use as biochemical markers for 
breeding strategies. 
Resume 
Mk.nismes de I. resist.nee de I. pl.nte-h6te-f.eteun bioehimiques : us substances 
semiochimiques du pois chiche (Cicer arietinum) representent une composante de sa resis-
tance/ sensibilite aux attaques par les insectes phytophages. Ces substances ont ete etudiees sur 
la base de donnees de resistance sur Ie terrain et du comportement des insectes par 1 'usage de 
1 'olfactometre (Jarves) et du tunnel de vol (aduJtes). En collaboration avec J1CRISA T, on s . est 
surtout preoccupe du foreur des gousses Helicoverpa (Heliothis) armigera. En collaboration 
avec J'ICARDA, la mineuse des feuilles, Liriomyza cicerina a dcemment ete reconnu comme 
un autre ennemi du pois chiche. D'spres les signaux perceptibles A distance, quatre composes 
volatils (pentane-l-ol, i1-J-carene, myrcene, a:-pinene) ont etc identifies comme composants 
du kairomone du pois chiche. En laboratoire, leur melange 2:5:1:9 est tds attrayant pour H. 
armigera, pour les larves aussi bien que pour les adultes femelles. 11 attire spCcifiquement les 
noctuelles pondant les oeufs. Des exsudats de pois chiche sont des candidats a la resistance au 
contact. Les principaux composants d'exsudats sont Ie malate et J'oxaJate, qui se presen ten t A 
des concentrations absolues et relatives variables. Toutefois, il existe des differences caracte-
ristiques, selon les varietes, les cycles diurnes et Ie stade de croissance. us rapports reci-
proques entre ces substances semiochimiques et d 'sutres facteurs de resistance sont examines 
sur la base de leur usage comme marqueurs biochimiques pour des strategies de selection. 
I. Professor. University of Munich. and Head. Research Unit for Insect Biochemistry. and 
2. Research Associates. Max-Planck Institute for Biochemistry. D-8033 Maninsried. Federal Republic of Germany. 
3. Entomologist. Legumes Program. International Crops Research Institute for the Semi-Arid Tropics (ICRISAT). Patancheru. Andhra 
Pradesh 502 324. India. 
Citation: ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Chickpea in the Nineties: proceedings of the 
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Charles Baudelaire reflects in a letter that "perfumes, 
colors, and sounds echo one another". Although he 
may have only thought of our own attitudes, his com-
ment mirrors the interdependency of the many and 
often most different environmental signals which con-
trol not only our own, but also the behavior of a 
phytophagous insect in relation to its host plant. Most 
imponant cues in this connection may be foliar fonns, 
surface textures, or color stimuli which influence host 
acceptance by the larva and by the ovipositioning 
insect. The day-night cycle influences egg laying. 
Field data (Topper 1987) and laboratory observations 
(Singh and Rembold 1989) of Helicoverpa (Heliothis) 
armigera show that egg number rapidly increases to a 
peak in the dark period succeeding dusk. The peak egg-
laying period occurs between 5 and 8 days after emer-
gence under field conditions (Reed 1965), and 5 to 9 
days under laboratory conditions (Singh and Rembold 
1989). Maximum individual lifetime fecundity of3000 
and highest number of 950 eggs delivered in one day 
were found under laboratory conditions (Singh and 
Rembold 1989). Raina (1988) suggests that together 
with the photoperiod a signal from the host plant is 
essential to induce sex pheromone production in the 
virgin H. zea moth. What kind of chemical signals are 
involved in the expression of the pest insect's explosive 
reproductive potential? In other words - what role does 
the natural products' chemist play in the study of host-
plant versus insect relations? Can modem analytical 
chemistry, in combination with efficient bioassays, 
elucidate biochemical markers for resistance phenom-
ena and consequently add to new techniques in plant 
breeding? A few facets from our own studies will 
demonstrate the efficiency of such an approach. 
Microanalytical methods like capillary gas chroma-
tography (GC) or high-perfonnance liquid chromatog-
raphy (HPLC), eventually, after microderivatization, 
have become routine. It is for the chemist to establish 
a highly sensitive, quantitative, and typical procedure 
that can be used for mass screening of pedigrees under 
different environmental conditions. First applications 
of such methods and the results obtained have already 
been summarized in a preceding workshop (Rembold 
and Winter 1982). In continuation of this work and 
using behavioral assays, chickpea seed volatiles were 
adsorbed on a polymer and, after desorption, were 
screened for their attractiveness to H. armigera larvae 
and adults. In our search for contact signals we made 
exudate analyses from field- and greenhouse-grown 
chickpea plants and related them to their susceptibility 
to pest insects. 
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In Search of a Synthetic Kairomone 
The fantastic reproductive power of H. armigera females 
makes them a promising target for crop protection 
strategies. Knowing more about the volatile attractants 
(kairomones) could help in catching females (and 
eventually also the larvae) in traps or, after they have 
layed their eggs on trap plants, their progeny (Rembold 
I 989a,b ). Such results will, through identification of 
biochemical markers, finally be useful for crop im-
provement programs. 
In our initial studies we found that volatiles from 
chickpea seed powder strongly attract first instar H. 
armige,a larvae (Saxena and Rembold 1984). 
Headspace material from seed flour was analyzed by 
capillary GC-mass spectrometry, and 132 aroma com-
ponents were structurally assigned. The dominant 
chemical classes were terpenoids (35%), alcohols (18%), 
and aromatic compounds (13%) (Rembold et al. 1989a). 
Interestingly, the aromagrams from chickpea seed keep 
a constant pattern over years and therefore can be used 
for the characterization of different chickpea varieties. 
The 16 most prominent aroma components were indi-
vidually tested in a special trident olfactometer assay 
with newly hatched first ins tar H. armigera larvae. Only 
pentan-I-ol induced a significant positive, and 2-trans-
heptenal a significant negative, repelling reaction. A 
blend of three terpenes (.1-3-carene, myrcene, D,L a-
pinene) elicited the same larval reaction as pentan-I-ol. 
and a mixture of all the four compounds in their natural 
ratio of 2 pentan-I-ol : 5 .1-3-carene: I myrcene : 9 D, 
L -a- pinene induced the strongest attraction which was 
similar to the natural bouquet (Rembold et a1. 1989b). 
With this synthetic kairomone we tested the behav-
ior of adult moths in a flight tunnel as described earlier 
(Rembold and Tober 1985) which, after slight modifi-
cation, allows observations under different experimen-
tal conditions. Egg- laying moths were attracted near 
the source, irrespective of its kairomone concentration. 
Mated females showed a much stronger reaction than 
unmated females, and males were almost without any 
response. However, the kairomone-containing rubber 
septum was almost never contacted. Observations un-
der laboratory conditions as recorded in these experi-
ments are important for a better understanding of the 
insect's behavior in the field where such cues as flowers, 
pods, shape and color of the leaves may mask the 
kairomone effect. Under our experimental situation the 
insects' behavior clearly shows that the volatiles are 
principally functioning as a distance infonnation which 
guides the egg-laying moth near to its host plant. 
Chemical Composition of Exudates and 
H. armigera Resistance 
The chickpea secretes on its total green surface a highly 
acidic exudate which seems to be correlated with insect 
resistance. mainly through its malic acid content 
(Rembold 1981). We therefore followed changes of 
malate and other organic acids in the exudate in more 
detail. Two sampling techniques were applied. Either 
the droplets were collected from the plant surface with 
cotton wool. or the twigs were dipped into water. Three 
types of analyses were applied: enzymatic estimation 
with L-malate dehydrogenase (L-MDH). GC quantifi-
cation of the trimethylsilyl (TMS)derivative. and HPLC 
analysis. In addition. total acidity was titrated, and the 
total water contents measured by dry matter estimation 
and by Karl-Fischer titration. 
Susceptibility of chickpea genotypes to H. armigera 
attack varies with the growth stage of the plant. and 
with the population density of the insect. This primar-
ily explains the enormous variations in field data. 
Exudates were collected from 12 chickpea cultivars on 
ICRISAT fields. The ex.udate dry matter of these geno-
types. which were sampled under identical conditions. 
varied by almost 500% and the same was found for their 
malic acid contents. whereas other organic acids (ox-
alic. fonnic. acetic) varied by about 200%. There is a 
clear diurnal rhythm in dry matter. which has a mini-
mum in the early morning and a maximum at sunset 
with a variation by 250-450% Some varieties clearly 
correlate between borer damage and malate contents. if 
its concentration is in the range of 250-400 mg mLI 
exudate. The same holds true for the chickpea varieties 
with high borer damage. which have malate contents of 
100 mg or less mL I of exudate. However. the groups 
with moderate damage and malate contents of 100- 250 
mg mLI are less open to a simple interpretation. Some 
of them have fairly low malate in their dry matter 
together with reduced acidity in their exudates. Here 
obviously other factors come into play. They may be 
based on surface texture. kairomone composition. or 
nutritional factors. This question can now be ap-
proached on the basis of our present knowledge and 
expertise. 
Is malic acid a general insect repellent? The leafminer. 
Liriomyza cicerina. is an important chickpea pest at the 
International Center for Agricultural Research in the 
Dry Areas (lCARDA). We therefore selected in a 
preliminary study six kabuli-type cultivars with known 
susceptibility/resistance to the leafminer. They were 
grown under controlled conditions in the greenhouse of 
the Max-Planck Institute (MPI) at Maninsried, Federal 
Republic of Germany. Analysis of these greenhouse-
grown ICARDA genotypes indeed showed enormous 
differences in the dry-matter comJX>sition. if malate. 
and oxalate, as the second most prominent organic acid 
in chickpea exudate, were compared. 
Interestingly, as with H. armigera, the cultivar with 
high resistance to L. cicerina had the highest amount of 
malic acid. and the susceptible one had the lowest level 
of malic acid. And there is an intermediate range which 
must be explained by other factors. If malate concen-
tration is compared with that of oxalate, some interest-
ing differences become apparent on the basis of sub-
stance per leaf surface. During the day. total malate is 
constant, but oxalate is variable for each cultivar. Total 
malate per leaf surface area is also constant. and oxalate 
variable. during the maturation period of each cultivar. 
For both malate and oxalate the studied ICARDA 
cultivars differed from each other with high signifi-
cance. 
Basic Research in the Laboratory for the 
Field 
Our study of two of the many signals which bring the 
pest insect to its host plant for egg-laying. and which 
keep the larva on it. have shown a clear behavioral 
response to the synthetic kairomone under laboratory 
conditions. Also our first field tests under high infes-
tation pressure brought catches with the synthetic kai-
romone. Almost exclusively egg-laying H. armigera 
moths were caught in batches of more than 100 indi-
viduals when using pheromone traps in ICRISA T fields 
(unpublished results). In order to improve the synthetic 
kairomone, we are now investigating the sesquiterpe-
noid components which also add to the natural signal. 
Here too. sensitive bioassays are a prerequisite. With 
such an improved synthetic bouquet. and with specially 
designed traps we expect to obtain good catches in the 
field. Such positive results could then feed into breed-
ing programs. One could either select for plants with 
high kairomone production and consequently use them 
as trap plants. or reduce the attractiveness by selecting 
for low kairomone release. The second field of 
interest. the contact chemicals. is of equal importance 
for resistance breeding. Plants grown at the ICRISA T 
Cooperative Research Stations at Hisar or Gwalior 
under high humidity. suffered from high fungal infes-
tation. and concomitantly had practically no malate in 
their exudate (unpublished results). Breeding for high 
malic acid release could be interesting both from the 
JX>int of resistance against insects and fungal infection. 
Here too. a sensitive analytical technique like HPLC 
can help. It is our intention therefore, with this heuristic 
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approach. to transfer analytical methods to the breeder 
and to the entomologist at a routine level. and in that 
way to assist them in effectively developing resistant 
genotypes. 
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Insecticide Resistance of Helicoverpa and its Management 
A.B.S. King) and R.M. SawickP 
Abstract 
The recent upsurge of Helicoverpa (Heliothis) annigera (Hubner) resistance to synthetic pyre-
throids (SPs) on cotton in eastern Andhra Pradesh has followed the previously recorded pattern 
of resistance developing after excessive use of insecticides as seen elsewhere in the world. It 
has, however, alerted crop protection scientists in India of the need to take urgent steps to 
curtail its spread, and to develop appropriate management strategies. Recent demonstrations of 
H. armigera resistance to DDT and, to a lesser extent endosulfan and monocrotophos, and a 
general flattening of dosage/mortality curves in susceptible insects, emphasize the need for 
regular resistance monitoring, more stringent control of the use of pesticides against H. armigera, 
and the development of alternative control technologies. The evident inland dispersal of resistant 
insects from coastal Andhra Pradesh, hy a distance of some 250 /cm, and the resulting 
estahlishment of resistance in local, previously susceptible popUlations, has serious implications. 
While at present there is rapid reversion to susceptihility in the rainy season through dilution by 
interhreeding with the predominating susceptihle populations, low levels of resistance may 
remain and lead to more rapid resurgence once selection pressure (by insecticides) is reapplied. 
Although only low levels of SPs resistance have so far been recorded from the major chickpea 
areas in nortbern India, where insecticides are applied for H. annigera control, vigilance must be 
maintained. There is a need for regular resistance monitoring and improved pesticide management, 
especially with the SPs. All the IPM desiderata of increased use of resistant or tolerant 
cultivars, timely pesticide applications targelled against neonate larvae hased on scouting and 
economic thresholds, and rotation of insecticides. especially the SPs have to he actively applied 
if insecticide resistence of H. armigera is to be managed. 
Resume 
Resistance aux insecticides de Helicoverpa et sa maitrise: La recente intensification de la 
resistance de Helicoverpa (Heliothis) armigera (Hubner) aux pyrethroides de synthese sur Ie 
cotonnier dans lest de la province d'Andhra Pradesh a suivi Ie cours deja constate des 
evenements dans d'autres pays du monde: la resistance se developpe apres un usage excessif 
d'insecticides. Neanmoins, cela a mis en garde les specialistes de la protection des cultures de 
l'lnde quant a la necessite de prendre des mesures d 'urgence pour en emp8cher la diffusion et 
pour mettre au point des strategies de lutte appropn·ees. De recentes demonstrations de la 
resistance de H. armigera au DDT et, dans une moindre mesure, A lendosulfan et au 
monocrotophos, ainsi qu 'un applatissement general des courbes de dosage/ mortalite chez les 
insectes sensibles, met en reJief la necessite de surveiller regulierement la resistance, de 
contr6ler plus rigoureusement 1 'usage des pesticides contre H. armigera et de mettre au point 
de nouvelles technologies de lutte. La dispersion evidente vers l'interieurdes insectes resistants 
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2. Senior Principal Entomologist. Agriculture and Food Research Council. Institute of Arable Crops Research. Rothamsted Experimental 
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ICRISAT. 
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Ii partir de la zone c6tiere d'Andhra Pradesh, jusqu'A une distance d'environ 250 km, et 
1 'eta blissement consequente de la resistance dans des populations dYnsectes locaux et pr6c6-
demment sensibles, a de graves implications. M~me si Ii present les insectes reprennent leur 
sensibilite pendant la saison des pluies, par suite d 'une dilution de la resistance par croisement 
avec des populations sensibles predominantes, il peut rester de [aibles niveaux de resistance 
qui pourraient mener Ii une resurgence plus rapide lorsque la pression de selection est 
appliquee de nouveau par 1 'usage d'insecticides. Bien qu 'on n a constate que de [aibles niveaux 
de resistance aux pyrethroMes de synthese jusqu 'Ii present dans les principaJes zones de culture 
du pois chiche dans Ie nord de l'lnde, region ou des insecticides sont utilises pour lutter contre 
H. armigera, il est indispensable de maintenir la vigilance. II est necessaire de surveiller 
regulierement la resistance et dameliorer 1 'utilisation des pesticides, particulierement dans Ie 
cas des pyrethroldes. Les complements de la lutte integree, a sa voir : usage aeeru de cultivars 
resistants ou tolerants, epandages opportuns de pesticides visant les larves nouveau-nees sur la 
base d'etudes et des seuils economiques, et rotation des insecticides, particulierement des 
pyrethroides de synthese, doivent etre tous activement appliques, afin de pouvoir mai'triser la 
resistance de H. armigera aux insecticides. 
Extensive use of wide spectrum insecticides, such as 
DDT in cotton, has given rise to pest resistance in 
various parts of the world (e.g., Peru, Egypt, Zim-
babwe, Nicaragua). This has led to the development of 
Integrated Pest Management (IPM) strategies which 
involved strict rotation of insecticides, curtailment of 
their use and a heavy investment in scouting as a basis 
for application. Although they were effective, these 
systems tended to be abandoned when the relatively 
cheap, safe, and effective synthetic pyrethroids (SPs) 
carne onto the market in the late 1970s. Subsequently, 
excessive reliance on, and abuse of SPs, which were 
forgiving of poor management, led to the rapid devel-
opment of resistance. 
There has now been a tendency in India to attribute 
all instances of poor control to insecticide resistance, 
especially where SPs have been used, while more often 
it has been no more than a contributary factor in a 
complex interaction of causes. These have included 
high pest population pressure, inadequate application 
and equipment, poor timing, low insecticide quality 
and environmental constraints such as drought and 
flood. All of these factors appear to have contributed to 
the disastrous situation for cotton in eastern Andhra 
Pradesh during recent years. 
Development of Insecticide Resistance in 
India 
The high levels of DDT resistance in Helicoverpa 
recently recorded at ICRISA T Center and Guntur (Table 
I) are likely to be far more widespread, in view of the 
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prevalence of the cheaper organochlorine insecticides 
(DDT and BHC) traditionally used on food crops by the 
poorer fanning community. The dearth of base-line 
insecticide susceptibility data in India has led to the 
continued use of insecticides long after their effective-
ness had substantially declined. 
Poor control of Helic()verpa by SPs was first noted 
on pigeonpea at Lam Station, Guntur in 1986 (A. 
Satyanarayana Reddy personal communication); it was 
not evident in farmers' cotton because popUlation 
densities were low. 
In October 1987, farmers from Juzzuru, Krishna 
district, Andhra Pradesh alerted us to the poor control 
of Helicoverpa larvae that they were experiencing. 
Pyrethroid resistance was suspected and subsequently 
confirmed independently by McCaffery at Reading. 
UK and Mehrotra in New Delhi. In November of the 
same year, poor control of Helicoverpa on pigeonpea 
was recorded at ICRISA T Center for the first time and 
later confirmed to be due to resistance to fenvalerate 
(Table 2). 
As the season progressed, the SP resistance ratio at 
ICRISAT Center increased from 40 in early November 
1987 to 750 in March 1988. [The resistance ratio is 
expressed as the LD50 of the tested (resistant) strain 
divided by the LD50 ofthe control (susceptible) strain: 
in this case the 'Reading' strain held at Reading Univer-
sity, UK where the tests were done.] Larvae originating 
from chickpea, which had not been sprayed, were less 
resistant. By September 1988 populations of larvae in 
the rainy season (on millet, sorghum, and early pi-
geonpea) were again susceptible to SP. Tests con-
Table I. Toxicity of DDT to HelicoYerpa um/,en. 
LD~ 
Collection LD,o LD90 resistanc 
date Location Crop ("'8 larva-I) ("'8 larva-I) ratio 
20 Jul86 ICRISAT Chickpea 42 624 70 
(27-62)1 
1-7 Nov 87 ICRISAT Pigeonpea 182 (x)2 303 
(62-cx:) 
17 Mar 88 ICRISAT Pigeonpea J8J (J 724)3 302 
(101-730) 
Control Reading strain 0.60 0.99 
(0.53-0.68) 
I. 95% F.L. in parentheses. 
2. (x) = values not computed. 
3. Extrapolated value. 
All tests were performed as topical applications to 3rd-instar larvae, the FI of those collected from the field. Numben tested varied 
between 200 and 450 larvae per test (McCaffery et al. 1989). 
ducted during November on Helicoverpa from cotton 
in Prakasam and Juzzuru and for pigeonpea at ICRI-
SA T Center showed that SP resistance had fallen sig-
nificantly (Table 3). This suggests that farmers had 
follo\\-ed government advice to restrict the use of SP 
and that the poor control experienced by many colton 
farmers in Andhra Pradesh this year (1988) was not 
primarily caused by insecticide resistance. Sawicki 
identified high Helicoverpa populations, drought. and 
imbility of farmers to obtain credit to buy insecticides 
as being the major causes of crop failure in 1988. 
Resistance to endosulfan was only significant at 
Juzzuru, in 1987 (not tested in 1988), but resistance to 
Table 2. Toxicity of feovalerate to Hellcot'erp •• rmi,en. 
Collection 
date Location Crop 
20 Ju186 ICRISAT Chickpea 
1-7 Nov 87 ICRlSAT Pigeonpea 
J7 Mar 88 ICRISAT Pigeonpea 
Control Reading strain 
I. 95% F.L. in parentheses. 
monocrotophos remained low to virtually nil in both 
years at all locations (Tables 4 and 5). It is therefore 
surprising that field control with these insecticides was 
so poor. A possible explanation might be that application 
techniques were inadequate against unprecedentedly 
high pest pressures or that insecticides were of inferior 
quality. 
Migration/Dispersal of Resistant Moths 
The appearance of SP resistance at ICRISA T Center 
coincided with the build-up of resistant populations in 
LD~ 
LDso LD90 resistance 
(",g larva-I) (",g larva-I) ratio 
0.OJ2 0.033 0.8 
(0.009-0.014)1 
1.8 17 J20 
( 1.1-4.0) 
4.3 JJ2 287 
(2.9-6.5) 
0.OJ5 0.030 
(0.0 J 3-0.0 J 7) 
All tests were performed as topical applications to 3rd-iDitar larvae, the FI of those collected from the field. Numben tested varied 
between 200 and 450 larvae per test (McCaffery et aI. 1989). 
197 
Table 3. Toxicity of cypermethrin to Htdicoyerpa armilen. 
LD~ 
Collection LD~ LD90 resistance 
date Location Crop (~g larva-I) (~g larva-I) ratio 
Cis-cypermethrin 
20 Jul86 ICRISAT Chickpea 0.005 0.020 0.6 
(0.004-0.006)1 
Control Reading strain 0.009 0.025 
(0.008-0.011) 
Cis I trans cypermethrin 
23 Oct 87 Juzzuru Cotton 6.5 57 325 
(4.7-9.0) 
1-7 Nov 87 ICRISAT Pigeonpea 0.80 11 40 
(0.57-1.2) 
15-18 Nov 87 ICRISAT Pigeonpea 2.5 9.7 125 
(1.8-3.5) 
30 Nov 87 ICRISAT Chickpea 1.7 7.9 85 
(1.3-2.7) 
17 Mar 88 ICRISAT Pigeonpea 15 627 750 
(9.1-29.0) 
Control Reading strain 0.020 0.050 
(0.017-0.024) 
17 Sep 88 Aurepalle Pigeonpea 0.016 0.20 0.8 
(X)2 
15-16 Sep 88 ICRISAT Pigeonpea 0.036 0.70 1.8 
(x) 
Nov 88 Prakasam Cotton 1.19 (x) 60 
(x) 
Nov 88 Juzzuru Cotton 0.60 (x) 30 
(x) 
Dec 88 ICRISAT Pigeonpea 0.029 (x) 1.5 
(x) 
Dec 88 Shankarpalle Tomato 0.104 (x) 5.2 
(x) 
Control Reading strain 0.020 
l. 95% F.L. in parenthellel. 
2. (x) = values not completed. 
All tests were performed as topical applications to 3rd-instar larvae. the FI of those collected from the field. Numbers tested varied 
between 200 and 450 larvae per test (McCaffery et aL 1989). 
cotton in eastern Andhra Pradesh. and could not have 
arisen locally because SPs had not been used exten-
sively or for long in the area. This strongly implies 
dispersal or migratory movement of resistant insects 
inland, over a distance of at least 250 km (McCaffery et 
al. 1989). 
Samples taken in September 1988 at ICRISA T and 
Aurepalle ( 100 km south of H yderabad) again showed 
almost total susceptibility to SPs. This suggests that 
resident resistant populations had been replaced or 
diluted by susceptible moths flying into the area from 
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unsprayed crops and weed hosts. The higher LD90 
values, however, suggest that some resistance still 
remained. The relatively low levels of resistance in the 
cotton belt in 1988 further suggests a substantial dilu-
tion by susceptible moths which had probably moved in 
on the predominantly westerly monsoon. 
The implication for chickpea is that resistant insects 
may invade unsprayed fields from crops on which 
resistance may have developed. As most chick.pea is 
grown in northern India, where insecticide resistance is 
not (yet) of major importance (Mehrotra unpublished 
Table 4. Toxicity of endosulfan to HeHcoverp • .rmigUll. 
LD50 
Collection LD50 LD90 resistance 
date Location Crop (#£g larva-I) (#£g larva-I) ratio 
20 Jul86 ICRISAT Chickpea 0.56 1.4 0.5 
(0.47-0.68)1 
23 Oct 87 Juzzuru Cotton J5.0 91.0 12.5 
(1l-20) 
1-7 Nov 87 ICRISAT Pigeonpea 2.6 13.0 2.2 
(2.1-3.3) 
15-18 Nov 87 ICRISAT Pigeonpea 5.3 88.0 4.4 
(3.7-7.6) 
30 Nov 87 ICRISAT Chickpea 1.1 5.1 0.9 
(0.75-1.6) 
Control Reading strain 1.2 2.4 
( 1.1-1.4) 
I. 95% F.L. in parentheses. 
All tests were performed as topical applications to 3rd-instar larvae, the F, of those collected from the field. Numbers tested varied 
between 200 and 450 larvae per test (McCaffery et al. 1989). 
Table S. Toxicity of monoc:rotophos to HeJicoyerp • .rmiger •. 
LD50 
Collection LD~o LD90 resistance 
date Location Crop (#.£g larva-I) (#.£g larva-I) ratio 
20 luI 86 ICRISAT Chickpea 0.29 0.51 0.3 
(0.22-0.35)1 
23 Oct 87 luzzuru Cotton 3.9 87 3.6 
(x)2 
1-7 Nov 87 ICRISAT Pigeonpea 2.1 13 1.9 
(0.5-4.0) 
Dec 88 ICRISAT Pigeonpea 0.57 (x) 0.5 
(x) 
Dec 88 Shankarpalle Tomato 2.07 (x) 1.9 
(x) 
Control Reading strain 1.1 4.6 
(0.9-1.4) 
I. 95% F.L. in parentheses. 
2. (x) = values not computed. 
All tests were performed as topical applications to 3rd-instar larvae, the FI of those collected from the field. Numbers tested varied 
between 200 and 450 larvae per test (McCaffery et al. 1989). 
report), this is at present not an important considera-
tion. 
Resistance Management 
The development of resistant insect populations is 
encouraged by high pest pressure, static populations, 
sublethal doses, and the continued use of the same 
insecticide group. Under these conditions selection 
pressure is strongest and leads to the rapid development 
of resistance. Sublethal doses cannot be avoided as 
they inevitably result from normal leaf expansion and 
decomposition of the insecticide. However, they can 
be minimized by good application methodology, using 
adequate dosage levels, targetted principally against 
young larvae and using good quality insecticides. 
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Since both resisWlt and susceptible larvae areequalJy 
and most readily killed during the first instar (Daly et al. 
(988) applications should be targetted at this stage. or 
shortly after eggs are sampled. As larvae age. resis-
tance becomes increasingly expressed and all large 
larvae. including those susceptible to insecticides re-
quire much higher lethal dosages of insecticide. The 
tendency oflarvae to become more inaccessible as they 
bore into squares and bolls in cotton is nol, however. a 
problem with chickpea. 
The relative efficacy of mixtures or rotation of insec-
ticide groups in preventing or combatting resistance is 
the subject of some controversy. Based on simple 
models, Holloway and McCaffery (1988) showed that 
mixtures were more effective in delaying the develop-
ment of resistance. but that rotation was preferred when 
some resistance was already present. Since it is not 
possible to detect very low levels of resistance in a 
population using conventional techniques (Sawicki et 
al. 1989) and because some resistance is nearly always 
present in routinely sprayed crops, the rotation ap-
proach should be adopted in all but exceptional circum-
stances. 
The only national strategy for insectide resistance 
management (IRM) for H. armigera currently in op-
eration is in Australia. This is based on a spraying 
schedule which restricts the use of SPs to only one 
generation in four, namely the mid-season generation 
which is considered to be most damaging. Similar but 
less stringent restrictions are placed on the use of 
endosulfan. to which there is also some resistance. 
Spraying is based on monitoring densities of the brown. 
i.e., pre-hatching, egg stage. Samples of young larvae 
are collected regularly from a wide range of locations 
in eastern Australia for resistance testing, using a 
discriminating dose test (Forrester and Cahill 1987). 
To date. this method has been successful in keeping SP 
resistance at a manageable level. However. the ex-
pected decline of resiSWlce at the end of each winter 
season is dependent upon dilution by susceptible moths 
from unsprayed hosts. Levels of SP resistance in these 
unsprayed populations have recently increased (Gun-
ning and Easton 1989), and there is now some doubt 
whether they can still exert sufficient influence under 
high population pressures (Forrester, in press). This is 
clearly relevant to Andhra Pradesh. India, where a 
similar situation may develop. 
Relevance to H elicoverpa Management in 
Chickpea 
At present, infestation of chickpea does not demand the 
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extensive control regimes applied to cotton in Andhra 
Pradesh, so there is much less likelihood of a similar 
ursurge of resistance. However, Dhingra et ai. (1988) 
detected low levels of SP resistance in Helicoverpa 
sampled from chickpea at Karnal in Haryana. although 
it is not known whether this was of local origin or had 
resulted from immigration. Fortunately. He/icoverpa 
infestation of cotton in northern India is low (Mehrotra. 
unpublished) and does not therefore pose a threat to 
chickpea comparable to that in southern India. How-
ever, there remains a need for vigilance in regular 
resisWlce testing, and adoption of management strate-
gies aimed at curtailing further resistance development 
by insecticide rotation and restricting the use of SPs to 
specific periods. 
Conclusions 
The upsurge of SP resistance in H. armigera in cotton 
in eastern Andhra Pradesh in 1987 has followed the 
same classic pattern of resistance development seen in 
other parts of the world. The significant decline in 
resistance in 1988 gives hope that if appropriate man-
agement is adopted and maintained. cotton production 
in the affected districts may continue for some time to 
come. 
The appearance of SP resistant insects some 250 km 
distant from the cotton source must alen scientists to 
the dangers of moth migration or dispersal spreading 
resistant genes into hitherto susceptible populations 
distant from the origin or cause of this resistance. Even 
low frequencies of resistance in new populations will 
increase the rapidity of selection for resistance once 
insecticide selection pressure is applied. Although 
LD50 may drop again at the end of the summer, the 
warning is implicit in the lower dosage-monality 
slopes and higher LD90 values. There is, accordingly. 
an urgent need for better information on the susceptibil-
ity of H elicoverpa to the range of insecticides available 
in India. These should be monitored regularly at a 
number of locations and from crops in which Heli-
coverpa is an important pest, so that insecticide strate-
gies may be modified accordingly. 
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Session S 
Main Items or Presentations and Discussions 
• Mapping the severity of insect pests is of great 
importance in setting priorities for integrated pest 
management (IPM) research. 
• The usefulness of computer models in IPM re-
search is undisputed. but most of the required data 
to feed into such models are not available for 
chickpea. 
• In view of possible health hazards. the use of the 
Bt gene for insect control in food crops needs 
medical and nutritional approval. 
• The observation that resistance of chickpea to 
aphids is related to the pH of leaf exudates is 
important. and warrants biochemical and genetical 
study. 
• Data obtained from damage/yield relationship 
studies are important in establishing economic 
threshold levels'ior insect control. 
• The chickpea plant's ability to compensate for 
pod borer (Heli(,(JI'erpa armigera) damage by 
producing new flowers decreases as the podding 
stage advances. 
• Resistance to Heli(,(JI'erpa is often linked with 
susceptibility to fusarium wilt and possibly also 
to ascochyta blight. Breaking of the linkage can 
be achieved in breeding programs. 
• The study of kairomones that attract HelicO\'erpa 
adults is important in pod-borer resistance breed-
ing. and for the identification of genotypes to 
which the insect is relatively strongly attracted. 
• The recently recorded build-up of resistance to 
insecticides in Helicoverpa emphasizes the im-
portance of IPM. Where spraying of insecticides 
is required. it is advisable to apply different 
chemicals in rotation. and not to reduce insecti-
cide concentration. as the latter will increase the 
chances of the insects developing resistance. 
Recommendations 
• Future studies should concentrate on the insect 
species found to be the main pests of chickpea in 
most production areas. i.e .• pod borers (Heli-
coverpa spp.). leafminer (Liriomyza cieerina), and 
storage pests (bruchids). 
• There is need for more information on the occur-
rence and distribution of key pests. Extensive 
surveys are required to map the severity and ex-
tent of pest damage in different agroecologica\ 
zones and cropping systems. This is viewed as 
an important pre-requIsite for (i) tailoring pest 
management research to the needs of different 
chickpea growing areas; and (ii) relating the 
population dynamics of major pests to agrocli-
matic features. 
• Although general information on damage/yield 
relationships has been acquired for some major 
pests. further data are required to determine criti-
cal damage levels in different areas. 
Host-plant Resistance (HPR) 
• There is a need to establish and improve mass 
rearing methods for L. deerina and H. armigera 
and to carry out studies on the insects' host se-
lection behavior and the mechanisms of HPR. 
• In order to identify resistance markers for breed-
ing programs major emphasis should be placed 
on furthering the understanding of the biophysi-
cal and biochemical basis of HPR. 
• Studies on the mechanisms of resistance should 
not be restricted to malic and oxalic acids, but 
should also include other chemical substances. as 
well as biophysical factors. 
• Further studies on the inheritance and physiologi-
cal aspects of resistance are needed. 
• More emphasis should be given to developing 
varieties with multiple pest and disease resistance 
according to the requirements of specific envi-
ronments. 
Biological Control 
• The effectiveness and practicability of applying 
microbial insecticides (e.g .. NPV and Bt) for the 
control of Helico\'erpa spp. need further study. 
• Studies of the occurrence and effectiveness of in-
digenous parasitoids and predators need to be 
strengthened. Methods and principles should be 
identified to enhance the activity of local biocon-
trol agents through manipulations of the farm en-
vironment. 
Cultural Control 
• Studies on the effects of intercropping. crop di-
versification. and the use of genetic mixtures to 
limit pest damage should be intensified. The ef-
fects of sowing dates. stand density. and fertilizer 
use should be studied in cooperation with 
agronomists. 
• The scientific basis of traditional methods of pest 
control prevalent in different pans of the world 
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where chickpea is grown should be established 
and these also need funher investigation. 
Chemical Control 
• The development of insecticide resistance in He-
licoverpa spp. should be monitored, particularly 
in areas where pesticide use is high. 
• The possibilities of using botanical insecticides 
for the management of key pests and conserva-
tion of their natura1 enemies should be explored 
funher. 
Session 5 
Principaux tbemes de presentation et de discussion 
• La realisation des cartes de forte incidence des 
insectes ravageurs est d'une importance particu· 
liere dans l'etablissement des priorites pour la 
recherche sur la lutte integree contre les insectes. 
• L 'utilite des modeles informatises en matiere de 
la recherche sur la lutte integree n 'est pas con-
testable, mais la plupart des donnees requises 
pour de tels modeles ne sont pas disponibles 
pour Ie pois chiche. 
• En vue d'eventuels dangers pour la sante, I'em-
ploi du gene Bt pour la lutte contre les insectes 
dans les cultures vivrieres demande I'autorisa-
tion medicale et nutritionnelle. 
• Vobservation que la resistance du pois chiche 
aux pucerons est liCe au pH des exsudats 
foliaires est importante, et necessite l'etude bio· 
chimique et genetique. 
• Les donnees obtenues a partir des etudes des 
relations degits/rendements sont importantes 
dans I'etablissement des seuits economiques 
pour la lutte contre les insectes. 
• L 'aptitUde de la plante de pois chiche a com-
penser pour les degAts causes par Ie foreur des 
gousses (Helicoverpa armigera), en produisant 
de nouvelles fleurs, diminue au fur et A mesure 
que Ie stade de formation des gousses s'avance. 
• La resistance a HeJicoverpa est souvent liee ala 
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sensibilite au fletrissement fusarien et proba-
blement Ala fletrissure ascochytique en plus. Ce 
lien peut etre coupe dans Ie cadre des pro-
grammes de selection. 
• L 'etude des kairomones qui attirent les adultes 
de HeJicoverpa est importante dans la selection 
pour la resistance contre Ie foreur des gousses, 
ainsi que dans I'identification de genotypes 
auxquels l'insecte est relativement fort attire. 
• Vaccroissement de la resistance aux insecti-
cides recemment constate chez Helicoverpa, 
souligne l'importance de la lutte integree. LA ou 
la pulverisation des insecticides est exigee, il est 
conseille d'appliquer des produits differents en 
rotation. La concentration d'insecticide ne doit 
pas ~tre red uite car elle augmentera la possibi-
lite de developpement de la resistance chez Ies 
insectes. 
Recommandations 
• Des etudes futures doivent concentrer sur les 
especes d'insectes constituant les principaux 
ravageurs du pois chiche dans la plupart des 
zones de production, a savoir : les foreurs des 
gousses (Helicoverpa spp.), la mineuse des 
feuiIles (Liriomyza cicerina), et des ravageurs 
de stocks (bruches). 
• II est necessaire de disposer de plus d'informa-
tions sur la manifestation et Ia distribution de 
ravageurs-cles. Des etudes extensives sont ne-
cess aires pour etablir Ies cartes de I'incidence 
ainsi que l'etendue de degits causes par Ies 
ravageurs dans des zones agroecologiques et 
des systemes de culture differents. Cela est con-
sidere comme essentiel pour i) la realisation de 
Ia recherche sur la lutte contre les ravageurs 
adaptee aux besoins des differentes zones de 
culture du pois chiche, et ii) la mise en relation 
de la dynamique de populations des ravageurs 
majeurs aux caracteristiques agroclimatiques. 
• Bien que des informations generales sur les rela-
tions degAts/ rendements ont ete acquises pour 
certains ravageurs importants, des donnees 
supplementaires sont necessaires pour deter-
miner Ies niveaux de degits critiques dans diffe-
rentes regions. 
a 
Resistance de la plante-h6te 
• 11 est necessaire d 'etablir et ameliorer les me-
thodes d 'elevage en masse pour L. picerina et 
H. armigera ainsi que d'effectuer des etudes sur 
Ie comportement de recherche de la plante-h6te 
des insectes et sur les mecanismes de la resist-
ance de la plante-h6te. 
• Afin d'identifier les marqueurs de resistance 
pour les programmes de selection, il faut ac-
corder I'importance a la connaissance plus 
approfondie des bases biophysiques et biochi-
miques de la resistance de la plante-h6te. 
• Les etudes sur les mecanismes de resistance ne 
doivent pas etre limitees aux acides maliques et 
oxaliques, mais doivent egalement inclure d'au-
tres substances chimiques ainsi que des facteurs 
biophysiques. 
• Des etudes plus approfondies sur l'heredite et 
les aspects physiologiques de la resistance sont 
necessaires. 
• Plus d'attention doit etre accordee a la mise au 
point de varietes ayant une resistance mUltiple 
aux ravageurs et aux maladies en fonction des 
exigences des milieux specifiques. 
Lutte biologique 
• L'efficacite et I'aspect pratique de l'application 
des insecticides microbiales (par exemple, NPV 
et Bt) pour la lutte contre HeJicoverpa spp. 
doivent etre etudies plus en detail. 
• Des etudes de I'existence et I'efficacite des para-
sitoides et des predateurs indigenes doivent etre 
renforcees. 11 faut identifier des methodes et des 
principes qui permettent d'ameliorer I'activite 
des agents locaux de lutte biologique par l'in-
termediaire des manipUlations du milieu rural. 
Lutte culturale 
• Des etudes sur les effets de la culture associee, 
sur la diversification des cultures, et sur l'utilisa-
tion de melanges genetiques pour limiter les 
degAts causes par les ravqeurs doivent ~tre 
intensifiees. Les effets de dates de semis, de la 
densite de peuplement, et de I'utilisation 
d 'engrais doivent ~tre etudiees en cooperation 
avec des agronomes. 
• Les bases scientifiques des methodes tradition-
nelles de lutte contre les ravageurs pratiquees 
dans differentes parties du monde OU I'on 
exploite Ie pois chiche doivent ~tre etablies et 
celles~i necessitent egalement des etudes en 
detail. 
Lutte chimique 
• Le developpement de la resistance aux insecti-
cides chez HeJicoverpa spp. doit ~tre sui vi, en 
particulier dans les zones ou l'utilisation des 
pesticides est tres elevee. 
• Les possibilites d'utilisation des insecticides 
botaniques pour la maitrise des ravageurs~les 
ainsi que la conservation de leurs ennemis 
naturels doivent ~tre examinees davantage. 
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Session 6 
Breeding Strategies and Techniques -
New Approaches to Crop Improvement 

Genetic Improvement of Chickpea: Key Factors to be 
considered for a Breakthrough in Productivity 
FJ. Muehlbauerl , C.J. SimonI, S.C. Spaethl, and N.I. Haddad1 
Abstract 
Genetic improvement of chickpea has been an ongoing process since the crop was domesticated. 
The most striking example of significant productivity improvement was recognition and use of 
ascochyta blight resistance to make it possible to sow the crop in the winter in the Mediterra-
nean region and take maximum advantage of limited water resources. Similar improvements in 
productivity are not obvious elsewhere. but continued development of genetic information about 
Cicer may lead the way to significant improvements. Linkage groups are currently being 
established for Cicer and include morphological. isozyme. and DNA markers. Accurate and 
detailed linkage maps are needed to locate genes of importance for breeding and also to identify 
'tags' for those genes. Once such genes are tagged they can then be recombined with other 
important genes in otherwise desirable genetic backgrounds. An extension of the 'tagging' 
procedure to the study of quantitative trait loci would make it possible to foster gene flow not 
only between cultivated material but also possibly more importantly, between the cultigen and 
distantly related species. 
Although genetic engineering for legume crops is still not an established procedure, its 
possibilities for solving chronic problems make it potentially important for the future. Candi-
dates for transfer by these methods might be coat protein genes for certain viruses to provide 
cross protection against problem virus diseases in the chickpea crop. Proteinase inhibitor genes 
and 'anti-sense' genes for virus disease control might also deserve wnsideration for transfer. 
How these approaches might be used in applied chickpea breeding is described and discussed. 
Resume 
A.m~/ior.tioD I~D~tique du pois cblcbe-I.cteurs-cles. eDFi6lllu pour un I'I'Dd pro,rlJs de I. 
productiFit~: L' amelioration genetique du pois chiche 4 suivi un processus constant depuis 
que cette culture 8 ete domestiquee. L 'exemple le plus frappant d 'amelioration significative de 
la productivite a ete 18 reconnaissance et 1 'usage de la resistance Ii la fletrissure ascochytique 
pour permettre de fsire des semis de cette culture en hiverdans la region mediterraneenne et de 
profiter au maximum des ressources hydriques Jimitees. Des ameliorations analogues de la 
productivite ne se manifestent pas ailleurs mais Ie propes soutenu en matiere d~nformations 
genetiques surCicer pourrait ouvrir la voie Ii des ameliorations significatives. L • etablissement 
des groupes de linkage est actuelJement en cours pourCicer et ils comprennent des marqueurs 
morphologiques, de /'isozyme et de I'ADN. Des cartes precises et detaillees de linkage sODt 
necessaires pour localiser les genes d~mportance pour la selection et aussi pour identifier des 
"etiquettes "pourcesgenes. Une foisetiquetes, lesgenes peuventetre recombines avec d 'autres 
genes importants dans des milieux genetiques souhaitables Ii d'autres egards. L 'extension de ls 
1. Researcb GeneticislS, United States Department of Agriculture, Agriculwral Rescan:b Service (USDA-ARS), 21S Johnson Hall, 
Washington Slate University. Pullman. WA 99164-6420, USA. 
2. Plant Breeder. School of Agriculture. University of Jordan, Amman, Jordan. 
Citation: ICRISAT (International Crops Researcb Institute for me Semi-Arid Tropics). 1990. Chickpea in the Nineties: proceedings of me 
Second International Workshop on Chickpea Improvement, 4-8 Dec 1989. ICRISAT Center. India. Palanchc:ru. A.P. S02 324. India: 
[CRISAT. 
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proc6durr: d "'ctiquetage"'.i 1 'etude des loci des caracteres quantitati!s, permettrait de lavomer 
1 '6change de genes non seuJement entre matcriel cuJtivc, mais aussi, ee qui serait probablement 
encore plus importalJt, entre Ie cultigene et des espCces de parent&: c/oignee. 
Bien que Je genie genctique des cultures 16gumineuses ne soit pas encore une proc6dure 
ctablie, ses possibilit6s pour la solution de problemes chroniques lui conterent une importalJee 
potentielle pour l'avenir. Lea candidats pour Je translert par ees mcthodes pourraient !tre des 
genes de rev!tement de eeHuks de protcine pour certains virus afin d'assurer une protection 
crois&: contre des viroses qui affectent les cultures de pois chiche. On pourrait cgaJement 
envisager Ie transfert de genes inhibiteurs de protcinase et les genes "anti-directionnels" pour ]a 
lutte contre les viroses. Comment ees mcthodes pourraient-elles atre uti/isks dans la sclection 
appliquee du pois cbiche, lea auteurs Ie disent et I't:xaminent. 
Chickpea yields have stagnated in comparison with 
other imponant food crops, most notably the cereal 
grains. Susceptibility to diseases and pests, and sensi-
tivity to salinity and drought stresses contribute to the 
poor yields often encountered (Smithson et al. 1985). 
Researchers at ICARDA and its predecessor the Arid 
Land Agricultural Development Program have shown 
the potential for winter sowing of chickpea in the 
Mediterranean region as a breakthrough in productiv-
ity (Hawtin and Singh 1984; Singh and Reddy 1989; 
Singh et al. 1989). The winter cropping breakthrough 
should be consolidated and extended. 
Susceptibility to ascochyta initially restricted the 
use of winter sowing (Hawtin and Singh 1984). Existing 
cultivars generaUy have sufficient cold or frost toler-
ance to survive mild Mediterranean winters (Hawtin 
and Singh 1984). Insufficient cold tolerance in current 
cultivars is a source of risk for the more severe Medi-
terranean winters and prevents the extension of the 
practice of winter sowing to more inclement regions 
(Singh et al. 1989). 
Changes in botanical structure of cereal grain culli-
vars from typically tall types to stiff-strawed semi-
dwarfs has made it possible to increase yields by 
applying greater amounts of nitrogen fertilizer. An 
alternative strategy to change of chickpea morphology 
to tall, upright. and compact plants that can be grown at 
greater plant densities has been repeatedly suggested. 
Data from Saxena and Sheldrake ( 1978), however, do 
not support that contention. 
More favorable partitioning into seeds is also seen to 
be an acceptable approach to improving economic 
returns from grain legume crops. Plant ideotypes have 
been proposed and are based on reports that certain 
traits are highly correlated with yield, e.g.. branch 
numbers, podding habit. double podding, seeds per 
pod. seed mass, canopy development, and others (in-
cluding altered phenology). 
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Various chronic problems of the chickpea crop ap-
pear to be ideally suited to several evolving approaches 
to the study and characterization of genetic variation in 
crop plants. These would include the ascochyta blight 
problem. which is widely distributed, the sensitivity of 
chickpea to environmental stresses, and the overall 
yield potential of the crop. 
Most chickpeas are grown in subsistence farming 
systems in developing countries. In those production 
systems chickpea productivity could benefit most from 
improved farming practices and timely control of pests 
and weeds. The promise of biotechnological approaches 
to increase genetic knowledge of gene systems that will 
facilitate genetic enhancement of chickpea cultivars 
may eventually be fulfilled. In time. it may be possible 
to incorporate disease and insect resistance genes into 
chickpea cultivars to improve production under these 
farming practices. 
The rapidly evolving approaches to the study of plant 
genetics include the use of molecular markers to estab-
lish high- density gene maps for crop species (McCouch 
et al. 1988), the tagging of genes of interest with 
molecular markers to facilitate their transfer to other-
wise acceptable backgrounds, and the identification of 
Quantitative Trait Loci (QTL). A necessary prerequi-
site for such investigations is an accurate and detailed 
map of the Oar genome. A map for Ciur is now 
feasible and would be based on joint segregation of 
morphological, isozyme, and Restriction Fragment 
Length Polymorphisms (RFLP). The map can be made 
sufficiently detailed to permit the study of quantitative 
variation in chickpea, 'tag' important loci, and finally 
establish the locations of QTL. Information derived 
from these studies could then be used to advantage to 
assemble advanced material. A well-defined genome 
is also necessary in order to locate genes of interest, if 
and when cloning technology and genetic engineering 
become of more general use in crop improvement 
programs. 
Conventional Breeding 
Breakthroughs in chickpea breeding are needed in the 
following four areas: (I) improved resistance to asco-
chyta blight; (2) desi x kabuli introgression; (3) gene 
transfer from wild species to the cultigen; and (4) the 
development of high-density gene maps. If progress 
could be made in these four areas, the chickpea crop 
could benefit greatly through increased productivity 
and resistance to pests and environmentally induced 
stresses. 
Excellent progress has been made by International 
Center for Agricultural Research in the Dry Areas 
(ICARDA) and national programs in finding germplasm 
and breeding lines resistant to ascochyta blight. 
However, as each new report is forthcoming, there are 
additional genes postulated to have an influence on 
disease reaction. Currently, for resistance four genes 
have been designated and assigned gene symbols 
(Ahmadetal.1952; Singh and Reddy, ] 983; Muehlbauer 
and Singh 1987; Tewari and Pandey 1986; Vir et al. 
1975). In addition six races of the fungus have been 
postulated (Singh and Reddy] 989). Three of the genes 
are reportedly dominant for resistance (R 1,R2 and Rar2) 
while the other is reportedly recessive for resistance 
(rarJ What is not clear is whether two or more of the 
genes reported thus far as confering resistance to asco-
chyta blight are identical and iffewer genes are actually 
involved. Unfortunately the studies were performed 
independently and appropriate tests for allelism of the 
genes were not conducted. Combination of the four 
genes for resistance is not now possible because their 
genome locations are unknown and the subjective 
nature of disease scoring does not permit the genetic 
identification of presumed resistant segregants. The 
genetics of disease resistance would be clarified if the 
individual genes responsible were placed into an accu-
rate genome map for chickpea. As a result, breeding for 
greater resistance is mostly done by empirical methods. 
Development of cultivars with resistance to asco-
chyta blight is essential to the proposed change to 
winter sowing in the Mediterranean region. This pos-
sibility is well documented and needs no further com-
ment (Singh 1987). 
Excellent progress has also been made in finding 
winter hardiness in germplasm (Singh et al. 1989). 
Unfortunately, incorporation of winter hardiness into 
cultivars will probably be more challenging than the 
incorporation of ascochyta blight resistance. Winter 
hardiness is a complicated trait (Blum 1988). Winter 
hardiness includes chilling and frost tolerance, growth 
at low temperature, and resistance to diseases other 
than ascochyta. The advantages of fall sowing come 
largely from improvements in the water-use efficiency 
of a fall sown crop (Saxena 1984). While the genetic 
control of various plant diseases is reasonably under-
stood, the understanding of genetic and environmental 
control of plant responses to stresses is limited (Blum 
1988). 
Existing cultivars have sufficient winter hardiness to 
survive mild Mediterranean winters. Sources of addi-
tional winter hardiness have been identified which 
should allow survival in harsher climates (Singh et al. 
1989). While levels of winter hardiness which are 
sufficient for severe winters in Washington State have 
been found in lentils (Spaeth and Muehlbauer, unpub-
lished observations), even the most winter hardy 
chickpea lines are not sufficiently hardy to survive 
consistently here (Spaeth and Muehlbauer, unpub-
lished observations). 
Sources of winter hardiness are essential but not 
sufficient for improvement in crop productivity. The 
hardiness must be transferred to types with necessary 
resistance to ascochyta, acceptable seed qualities, and 
desired agronomic type. Since winter hardiness is such 
complex trait, QTL and marker assisted introgression 
should be important to realizing the potential of this 
breakthrough. 
Exploitation of desi x kabuli crosses has been pro-
posed. The isolation of the two chickpea types for 
centuries and the great contrast of plant and seed 
characteristics suggest that there are genes present that 
could be introgressed between types. However, popu-
lations from desi x kabuli crosses need to be three to 
four times as large as those from crosses within the two 
types in order to recover useful segregants. 
Alternatively, backcrossing has been suggested to 
recover desired types (Singh 1987). Desi x kabuli 
crosses are not widely used by chickpea breeders, 
presumably because of the difficulty in obtaining use-
ful segregants. It may be that desi x kabuli intro-
gression studies have not yielded promising segregants 
because the two types are not so divergent as they 
appear phenotypically. Studies of isozme variation 
within and between the two groups have uncovered 
remarkably little genetic variation (Muehlbauer, per-
sonalobservation). 
Introgression of genes from related wild species has 
also been saggested to improve the cUltigen (Ladiz-
insky et al. 1988; Singh 1987). However, of the wild 
species of Cicer only C. retieu/atum is readily cross-
able to C. arietinum producing fully fertile hybrids and 
progenies. C. eehinospermum is crossable to chickpea, 
but the FI hybrids arepanially sterile and the F2progenies 
are also mostly sterile. Introgression of genes from C. 
rttieu/atum to C. arietinum is currently underway at 
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International Crops Research Center for the Semi-Arid 
Tropics (lCRISA T), ICARDA, and in the US. Current 
techniques for identification and transfer of useful 
genes to otherwise acceptable backgrounds rely mostly 
random incorporation. Areas where introgression from 
wild sources is expected to yield significant improve-
ment include tolerance to cold, heat and drought, greater 
biological yield and resistance to pests. For all these 
traits the inheritance is apparently complex even in 
crosses within the cultigen. The successful incorpora-
tion of useful genes would seem to require a more 
directed approach to ensure that portions of the genome 
were, in fact, transferred to an acceptable background. 
Technology now is available for extensively mapping 
the Cicer genome. The aim of mapping this genome is 
to integrate known genes that affect morphology, dis-
ease resistance, and quality traits with molecular mark-
ers, including both allozymic variation and RFLP. If 
these goals were achieved they would assist in locating 
important genes and facilitate their transfer to cultivars 
with greater productive potential. 
Current Status of Chickpea Genetics 
Single Gene Qualitative Traits 
Nearly SO genes affecting morphology and coloration 
of chickpea plants, flowers, pods, and seeds have been 
identified and described according to a recent review 
by Muehlbauer and Singh (1987). In addition, genes 
affecting resistance to ascochyta blight and fusarium 
wilt have been reported. Linkages among these genes 
involve one three-gene linkage group of Lvco-26.5-Rs-
23.0-Bsc and several two-gene linkage groups. Expan-
sion of the linkage map for chickpea could be acceler-
ated with the use of molecular markers, and in fact this 
approach would be more helpful because useful genes 
would then be 'tagged' to facilitate their transfer in 
breeding programs. 
Isozyme Variation 
Isozyme and restriction fragment length polymorph isms 
are two classes of molecular lTUlIiters that have a number 
of desirable properties when used for breeding pur-
poses. These markers are generally naturally occur-
ring. are non-deleterious, usually have co-dominant 
expression, can be cytoplasmic or nuclear, and gener-
ally are not influenced by environment. Isozyme 
polymorphisms are readily and easily used in plant 
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genetics and have rapidly become popular among plant 
breeders. 
Techniques for isozyme analysis have been ade-
quately described (Shaw and Prasad 1970; Brewbaker 
1980; Tanksley and Orton 1983; Soltis et al. 1983). 
Recently, isozyme polymorphisms have been identified 
in interspecific crosses between C. arietinum and C. 
reticulatum (Muehlbauer, unpublished; Guar and 
Slinkard, personal communication). The isozyme 
polymorphisms are currently being used to establish a 
gene-linkage map for Cicer that will include isozyme 
loci, morphological markers, and disease resistance 
genes. Currently, isozyme polymorphisms have been 
identified in our laboratory for phosphoglucose 
isomerase (PGI); phosphoglucomutase (PGM), pro-
tein; L-alanyl-h-naphthylamide aminopeptidase (AAP); 
glutamic pyruvic transaminase (GPT); glucose-I-
phosphate transferase (GIPT); aconitase (ACON); al-
dolase (Aldo); diaphorase (DIAP); acid phosphatase 
(ACP); 6-phosphogluconate dehydrogenase (6PGD); 
4-methylumbelliferyl-b-galactosidase (Gal pH 4.5); 
4-methylumbelliferyl acetate (Mm-Est); and adenylate 
kinase (ADK). These polymorphisms represent a group 
of markers that can be used effectively in conjunction 
with other genes to establish the beginnings of a linkage 
map for chickpea. 
The use of isozymes is, however, limited by the 
number of assays that are available and the degree of 
polymorphism in the materials being studied. Restric-
tion fragment length polymorphisms seem to be nearly 
unlimited although a greater degree of technical exper-
tise is required to effectively work with them. 
Restriction Fragment Length Polymorph isms 
Restriction fragment length polymorphisms (RFLP) 
are a class of molecular markers at the DNA level that 
are virtually unlimited in number and distribution 
throughout the genome. Simply speaking, short seg-
ments of DNA from the organism (in this case chick-
pea) are isolated and processed so that they can be used 
as marker loci. These short segments or probes, as they 
are called, are characterized on restricted DNA from 
both parents of a cross. Scoring is on the basis of the 
length of the restriction fragment corresponding to the 
probe sequence. In cases where the restriction frag-
ment lengths are different (polymorphic) for the two 
parents, DNA from the F2 is scored by parental type. 
The segregation data can then be analyzed by computer 
using a linkage analysis program. These linkage data 
are then used to corTstruct a molecular map. Procedures 
for RFLP analysis are well documented (Southern 
1975; Maniatis et al. 1982; Beckmann and Soller 1983; 
Helentjaris et al. 1985; Helentjaris 1987; Perbal 1988; 
Tanksley et al. 1989; and others). 
As with isozyme markers. RFLP have co-dominant 
expression. are considered to be of neutral character. 
and they generally do not interact with other characters. 
The fact that RFLP markers can be qu ite numerous and 
well distributed throughout the genome implies that 
close linkages with genes of interest will be found 
through systematic mapping (Lander and Botstein 1989; 
Paterson et al. 1988; Osborn et al. 1987). Limitations 
to the use of RFLP for genetical analyses include the 
need to use radioactive 32p for labeling the DNA probes. 
and the relatively high degree of technology requires 
suitably trained personnel to do the work. Progress is 
being made in developing techniques with non-radio-
active labeling to enable the techique to be used more 
widely. 
Establishment of a High-density Gene Map 
for Chickpea 
A gene map for Geer can be developed rather quick Iy 
when compared to some other major food crops. The 
advantages for chickpea are derived from its annual 
growth habit. diploid chromosome complement. and 
the relatively small chromosome number of 2n = 16. 
These factors combine to make chickpea a relatively 
simple genetic system that can be studied using mo-
lecular markers and classical genetic principles. An 
additional advantage that should and will be exploited 
for chickpea is the apparent conservation of certain 
I inkage groups between the Cicereae and Vicieae tribes 
(Muehlbauer and Weeden. unpublished). Conserved 
linkage groups between Pisum. an extensively mapped 
genus. and Lens. are currently being used effectively to 
extend the lentil gene map. Similarly conserved seg-
ments of the genome have been discovered between 
Lens and Cicero Steps involved in establishing a high-
density gene map for Geer would be as follows: 
I. Crosses between lines that differ for qualitative 
traits. isozyme markers and RFLP. 
2. Genetic analyses of patterns of inheritance and gene 
interaction of the progenies. This is usually done in 
F2 but recently the use of recombinant inbreds has 
received greater attention. This matter will be 
discussed in more detail below. 
3. Detection of abnormal joint segregation ratios among 
genes and calculation of linkage estimates. 
4. Placement of linked segments into a linear arrange-
ment corresponding to chromosomes or at least to 
linkage groups that might later be assigned to spe-
cific chromosomes. 
Recombinant inbreds can be very useful for gene 
mapping (Burr et a1. 1988). Recombinant inbreds (RI) 
lines can be developed quickly in self-pollinating crops 
such as Geer by following the single-seed descent 
method from an F2 of a hybrid population to the F6 or F1• 
At the later generation. the Rllines become homozy-
gous and fixed for linkage blocks within the genome. 
Each RI line is then fully characterized for molecular 
markers and traits of interest. Where two loci follow 
the same distribution pattern among the population of 
RI lines. linkage is indicated. Map distances can be 
determined by the frequency of recombinations within 
the RI lines. 
Recombinant inbreds have several advantages when 
compared to other materials used for mapping. After 
six or seven generations of selfing. segregation is 
nearly complete and they then represent a population 
which can be increased and utilized indefinitely. The 
lines can be shared among several laboratories. 
Molecular Marker Based Breeding 
"Tagging" of Genes of Interest with Molecular 
Markers 
The concept of "tagging" genes of interest involves the 
identification of a presumed neutral molecular marker 
closely linked to an important gene (Tanksley 1983). 
Close linkages between molecular markers and major 
gene alleles encoding for such factors as pathogen 
resistance enable breeders to preselect progenies in the 
laboratory. This can be particularly valuable in cases 
where quantities of material are very limited. or where 
material or pathogens are under quarantine restrictions. 
Estimates by Tanksley et al. (1989) indicate greater 
efficiency from selecting for molecular markers the 
more closely they are linked to the gene(s) of interest. 
Estimates for backcross breeding indicate that the re-
current parent genotype can be completely recovered 
with three backcrosses using molecular markers. 
whereas at least six backcrosses are required using 
conventional breeding. 
It may be difficult to propagate a pest for screening 
tests as is the case for instance with stem nematode in 
tomato. An easily assayed allozyme was shown to be 
closely linked to a gene for nematode resistance (Rick 
and Fobes 1974). The easily assayed enzyme is now 
widely used by public and private breeders of tomato. 
Screening with closely linked markers is now feasible 
for an increasing number of traits in a wide array of crop 
species (Apuya et al. 1988; Havey and Muehlbauer 
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1989: Stuber et al. 1982; Stuber et al. 1987; Tanksley et 
al. 1984; Tanksley and Hewett 1988). 
Studies or Quantitative Trait Loci 
Traits considered to be quantitatively inherited have 
been studied repeatedly using biometrical techniques; 
however, the results have been of limited use for 
breeding purposes. Estimates of the number of genes 
influencing quantitative traits have been made but their 
chromosonallocations, and individual and interactive 
effects with other genes is largely unknown. 
High-density gene maps can be used effectively to 
locate genes that affect quantitative variation (Mich-
elmore and Shaw 1988; Lander and Botstein 1989). 
The method involves the comparison of segregating 
progenies with contrasting alleles at numerous loci. 
Where significant differences are detected between 
individuals differing at marker loci, conclusions can be 
made about the linkage between markers and loci that 
influence the expression of the quantitative trait. The 
method has some drawbacks when a single locus is 
used in the analyses. Recombinations of marker loci 
with alternative alleles for a quantitative trait bias the 
estimate of the effects of quantitative trait loci. This 
disadvantage can be al1eviated by interval mapping as 
suggested by Tanksley et al. (1989). 
Interval mapping involves the use of linked markers 
to determine the influence of the genome segment 
bound by the two markers. Since the probability of a 
double crossover in the linked segment is remote, 
interval mapping holds promise for great precision in 
the location of QTL. 
Pyramiding Genes or Interest 
For ascochyta blight in chickpea it may be desirable to 
combine a number of resistance genes. Numerous 
genes have been reponed (Singh and Reddy 1983, 
1989; Muehlbauer and Singh 1987) to confer resistance 
to the ascochyta blight pathogen: however, the actual 
genes involved have not been located in the chickpea 
genome. Precise location of these genes and linkage to 
molecular markers would facilitate their recombina-
tion and thus pyramiding in otherwise acceptable ge-
netic backgrounds. Other imponant traits now be· 
lieved to be controlled by a number of genes could also 
be improved by the employment of molecular marker 
based selection. 
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Utilization of Exotic Germplum 
Wild relatives of crop plants are generally considered 
to have genes that would enhance the cultivated form. 
However, the utilization of that source of genetic van-
ation is limited due to the difficulty in making the 
crosses and the sterility problems often encountered. 
Where full fenility is found between cultivated and 
exotic germplasm. transfer of desirable genes from the 
wild progenitor is often accompanied by closely linked 
genes with deleterious effects. Using RFLP Tanksley 
et al. ( 1989) have shown that it is possible to select for 
desirable genes while retaining little unwanted DNA 
from the donor species. 
Other Uses or High-density Gene Maps 
Conservation of linkage groups between closely re-
lated genera appears to be quite common and has been 
observed in the Gramineae (maize and sorghum). Sola-
naceae (potato. tomato. and pepper). and Brassica 
(cabbage. tumip. and rape) (Tanksley et al. 1989). 
Similar conservation of linkage groups have been ob-
served in Lens and Pisum of the Viceae (Weeden et al. 
1988) and in Cicer (Muehlbauer and Weeden. in 
preparation). 
Conservation of linkage groups between closely 
related genera facilitates mapping effons and may 
indicate potential sites for important genes. Also 
substitutions of entire chromosomes from one genus to 
another has been suggested as a possibility (Tanksley et 
a1. 1989). 
Gene cloning for the eventual development of 
transgenic plants is at present a remote possibility for 
Cicer and many other crop plants. Prospects for 
transgenic plants depend on determinations of the gene 
products to enable cloning of the gene, and upon the 
presence of systems to introduce the foreign gene. 
Unfonunately the products of most imponant genes at 
the present time are largely unknown. Identification of 
closely linked RFLP markers may permit cloning; 
however, even small map distances translate into great 
distances at the DNA level. 
There are several novel approaches involving ge-
netic engineering that have had some success in other 
crops. The development of herbicide resistant cultivars 
and the incorporation of the coat protein gene of cenain 
viruses to provide cross protection from a wide range of 
viruses are two ex.amples. Regeneration of transgenic 
plants. however, is currently hindering the use of these 
techniques for chickpea. The use of particle accelera-
tors appears to be a promising method of introducing 
foreign DNA into cells and avoids the difficulties of 
regeneration of plants from protoplasts by tissue cul-
ture techniques. 
Prospects 
The chronic problems of chickpea including ascochyta 
blight, susceptibility to environmental stresses and 
poor yield, might be understood more fully with ex-
panded genetic knowledge of the crop. To that end, a 
concerted effort is currently underway to map the Cieer 
genome. That effort is ongoing at Saskatoon, Canada 
and at Pullman, Washington USA using both conven-
tional markers. isozyme loci. and RA....P. The begin-
nings of linkage groups have emerged and additional 
loci are currently being added. Analysis of the inheri-
tance of ascochyta blight resistance, tagging of impor-
tant genes, identification of quantitative loci, and marker 
assisted introgression between desi and kabuli types 
and from wild species to the cultigen are considered to 
be the primary benefits to be derived from this mapping 
effort. These areas could eventually represent break-
throughs for chickpea crop productivity. 
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Breeding Methodologies for Chickpea: 
New Avenues to Greater Productivity 
J.E. Specht and G.L. Graef 
Abstract 
New approaches for enhancing the annual rate of genetic improvement in chickpea may 
possihly he discerned from a retrospective analysis of genetic imprm'ement in the primar:,' USA 
grain legume. the :wybean. Soyhean genetic improvement in the USA averaged ahout IS.8 kg 
hal annually in the period 1900-1980. a cumulative SO-year increase of 1.5 t ha-'. However. a 
large portion of this total genetic gain occurred as a one-time 'quantum jump' of about 0.6 t ha-' 
in the mid-1940s. Since then. annual genetic gain has heen only 12.5 kg ha·'. The quantum jump 
in yield improvement was attributed to a change from a hreeding system comprised solely of 
evaluating and releasing the hest availahle plant introductions to a system comprised of 
hiparental matings, generation advance via selfing, and selection of superior progeny for release 
(then remating the selection:!' to repeat the cycle continuously). The introduction of genetic 
recomhination was the key. for it suhstantially increased the amount of genetic variability that 
could be exploited for selection purposes. This historical precedent led us to design a hreeding 
scheme that fully optimizes genetic recombination (and thus also genetic variability). This 
scheme employs a soybean population which: (a) is forced to annually intermate (via genetic 
male-sterility) with each years newly chosen parental array of elite lines and varieties: and (b) 
is used to annually generate (via F, advance through a winter nursery) F2 progeny.the latter 
serving both as the source of breeding material for an Fi to Fn generation advance of a typical 
hreeding program, and as the recurring source of male-sterile plants for intermating with the 
next set of elite parent.'1, The advantages of this systt'm are: (a) convenient production of many 
F, individuals from many crosses; and (b) a more rapid 'recombinational link hetween succes-
sive cycles. 
Resume 
Methodologies de selection pour Ie pois chiche-Nout'elles formules pour accroltre la produc-
tiyite: De nouvelles formu/es pour re1ever Ie taux annuel d'ameJioration genetique du pois 
chiche peuvent probab1ement se degager dune analyse retrospective de I 'amelioration gene. 
rique de la principa/e legumineuse a grains des Etats-Unis, Ie soja. L 'amelioration genetique du 
soja aux Etats-Unis a atteint 1a moyenne de 18,8 kg ha- I environ annuelJement pendant la 
periode 19()() a 1980, soit une augmentation cumulative pendant 80 ans de 1,5 t ha-I • Toutefois, 
une grande proportion de ce gain genetiq ue total s ~st produite en un seul "bond" spectaculaire 
denviron 0,6 t ha-I au milieu des annees 40. Depuis lors, Ie gain genetique annuel n 'a ete que de 
12,5 kg ha- I . Le "bond" d 'amelioration du rendement a ete attribue a I 'abandon du systeme de 
selection qui ne comprenait que l'evaluation et la vulgarisation des meilleures introductions 
disponibles, en faveur dun systeme compose de fecondations biparentales. d'avancement de 
generations par l'autofecondation et de selection de descendances superieures pour la vulgarj· 
sation (puis la refkondation des plantes se1ectionnees pour repeter continuellement Ie cycle). 
L'introduction de 1a recombinaison genetique etait la cle, car e/Je a permis d'augmenter 
nettement l'ampleur de 1a variabilite genetique qui pouvait ~tre exploitee .i da lins de 
1. Professor. and Assistant Professor. Department of Aponomy, University of Nebraska, Lincoln, NE 68583-0915, USA. 
Citation: ICRISAT (International Crops Research Institute for the Semi-Arid Tropics), 1990. Chickpea in the Nineties: proceedings of the 
Second International Workshop on Chickpea Improvement. 4-8 Dec 1989. ICRISAT Cenler. India. Patancheru. A.P. S02 324, India: 
ICRISAT. 
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selection. Ce precedent historique nous a mene a concevoir un systeme de selection qui 
optimise la recombinaison genetique (et donc aussi la variabilite genetique). Ce systeme 
emploie une population de soja qui: (a) est forcee a croiser annuellement (a travers la sterilite 
mile genetique) avec la gamme parentaie choisie nouvellement chaque annee de lignees et de 
varietes elite; et (b) sen a reaiiser annuellement (a travers un avancement de FJ dans la 
pepiniere d 7liver) des descendances F2, qui servent tant de source de maten'eJ de selection pour 
un avancement de generation de F2 a F n dans Ie cadre d'un programme typique de selection, 
que de source recurrente de plantes miles steriles pour croisement avec Ie jeu suivant de 
geniteurs elite. us avantages de ce systeme sont : (a) une production pratique d'un grand 
nombre d ~ndividus FJ provenant de plusieurs croisements; et (b) un "lien de recombinaison" 
plus rapide entre les cycles successifs. 
The ultimate objective in the breeding of an autoga-
mous crop species is to increase the frequency of, and 
to eventually fix, a favorable allele at every genetic 
locus in some specified gennplasm undergoing selec-
tion. When desirable alleles are continually being fixed 
at an ever-increasing fraction of the available loci, the 
breeding program can be said to be successful, since the 
selected gennplasm will contain an ever-greater num-
ber of genotypes with the desired phenotypes. For 
chickpea (Cicer arietinum L.), and soybean (Glycine 
max (L.) Merr.), the gennplasm that is undergoing 
improvement is, in effect. a "population" of elite. high-
yielding, homozygous genotypes (i.e .• the parental 
material entering each breeding cycle). Because a 
comparison between chickpea and soybean breeding 
may offer some useful insights, a retrospective look at 
past soybean breeding is warranted. 
Some Retrospective Insights on Soybean 
Breeding 
Using 3-year yield data collected on 240 soybean 
cultivars that had been released in the northern USA 
during this Century, Specht and Williams (1984) calcu-
lated that US breeders had improved soybean yield by 
about 18.8 kg ha' annually during 1900-1980. How-
ever, a major portion of the 80-year cumulative genetic 
gain of 1.5 t ha" occurred as a one-time "quantum jump" 
of about 0.6 t ha" in the mid-1940s. When this was 
removed from the analysis, the pre-I 940 annual genetic 
gain was estimated to be 0.7 kg ha", but the post-1940 
gain was found to be significant at 12.5 kg ha·'. 
The nonrecurrent "quantum jump" in soybean yield 
improvement was attributable to the adoption of a 
fundamental change in soybean breeding methodology 
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(Specht and Williams 1984). The pre- 1940 breeding 
system consisted solely of evaluating plant introduc-
tions. followed by selection of the superior ones for 
release as named cultivars. However. the post- I 940 
breeding system consisted of three phases: (I) biparen-
tal matings of annually chosen parents; (2) generation 
lldvance of the progeny to some desired level of ho-
mozygosity; and (3) evaluation of lines extracted from 
each of the biparental populations, followed by selec-
tion of the superior lines for release as named cultivars. 
The biparental hybridization feature allowed parental 
genes to be rearranged (via Mendelian sorting of un-
linked loci and chromosomal crossing over between 
linked loci) into a near-infinite array of selectable 
recombinant genotypes. The 3-phase procedure could 
also be repetitively cycled. in the sense that the "output 
materials" of any prior breeding cycle (i.e .. cultivar 
releases) supplied the "parental inputs" for a subse-
quent breeding cycle. In effect. the new procedure 
essentially made genetic recombination and recurrent 
selection intrinsically routine features of soybean 
breeding. 
Subsequent to its rapid adoption by soybean breed-
ers in the mid-\940s, some modifications of the forego-
ing breeding method have occurred. Mosl notably. 
greenhouses and tropical nurseries are now employed 
to attain one or two selfing generations during the 
winter season. and single-seed-descent (SSD) has been 
adopted as a convenient means of achieving a rapid 
generation advance in these settings (Brim 1966). The 
first yield test now commences at an earlier selfing 
stage. typically with Fo lines in many programs. and 
even Fl4 lines in a few programs. Off-season genera-
tion advance has significantly reduced the number of 
years needed to complete a cycle of selection. Mecha-
nization of plot sowing and harvesting methods, coupled 
with the use of better experimental designs and com-
puterized data collection techniques, have greatly im-
proved the accuracy and precision of performance 
testing. The resultant reduction in experimental error 
has effectively decreased the nongenetic fraction of the 
phenotypic variance. leading to higher heritabilities. 
Fehr (1987) can be consulted for more details of the 
salient aspects of contemporary soybean breeding 
methods. 
Some Contemporary Thoughts on Soy-
bean Breeding 
Plant breeders continually search for methods to im-
prove the effectiveness of cultivar development pro-
grams. However. any proposal that calls for the adop-
tion of a new breeding method must satisfy two criteria 
if the new method is to attain acceptance by "prac-
ticing" plant breeders. First. the new method must have 
a theoretical advantage that is firmly founded on modem 
plant breeding theory. Second, the new method must 
have an empirically demonstrable advantage. that is. 
the benefits accruing from its use must be worth more 
than the costs of its implementation. 
Relative to the first criterion. the breeder would 
simply compare the annual genetic gains obtainable 
with the new and existing methods of breeding. using 
comparable assumptions. The following mathematical 
expression is commonly used to predict the annual 
change in the mean of a population subjected to one 
cycle of recurrent selection (Brim 1973; Burton 1987; 
Fehr 1983): 
G =ckr2 /yr y A ph 
where: Gy = genetic gain per year; c:.:: index of parental 
control; k = standardized selection differential: r' A = 
additive genetic variance; y = years required per cycle 
of selection; and r h = square root of the phenotypic 
• P 
vanance. 
Analysis of the above mathematical expression makes 
it clear that annual genetic gain can be increased by 
altering the breeding method in ways that will enhance 
the magnitude of the parameters in the numerator. and! 
or reduce the magnitude of the parameters in the de-
nominator. For the reader who desires more details. 
Fehr (1983) provides examples of how the genetic gain 
equation can be used to identify effective breeding 
strategies. The new soybean breeding method pro-
posed in this paper was the outcome of the authors' 
efforts to amplify the genetic variability component of 
the genetic gain equation. 
Based on quantitative genetic theory, formal recur-
rent selection schemes offer significant advantages 
relative to conventional breeding systems (Brim 1973; 
Burton 1987). However, none of these recurrent selec-
tion schemes has been adopted by US soybean breeders 
for their primary cultivar development programs. i.e., 
the ones that involve populations composed of the most 
elite. highest-yielding genotypes. Formal recurrent 
selection schemes rely on populations that are "closed" 
to outside parental inputs (Brim and Stuber 1973). In 
contrast, the success of the primary cultivar develop-
ment programs is very much dependent on the use of 
populations that are "open" to external parental inputs. 
This dependency is due to the fact that the internally 
and externally generated elite materials possess a de-
gree of "unrelatedness" (a relative distinction, to be 
sure!) that can bestow upon an elite x elite breeding 
program the potential to create genetic variability and 
(more importantly) new transgressive segregants. 
Are there deficiencies in the contemporary soybean 
breeding system? The authors think so. as did Jensen 
( 1970). who some 20 years ago. enumerated the various 
defects in the pedigree-based. biparental hybridization 
methods that were being used for the breeding of 
autogamous crops. Two of these are worth reiterating 
here. 
The most obvious defect is a continued reliance on 
the biparental hybridization of homozygous parents for 
the cyclic creation of selectable genetic variability. In 
a bIparental popUlation, the initial frequency of the 
favorable allele (p) at each locus will be one of three 
possible quantities: p= 1.0 (favorable allele fixed). 
p=O.O (unfavorable allele fixed). or p=O.5 (biparental 
allelic contrast led to heterozygosity). The mean of the 
popUlation will, of course, be directly related to the 
collective frequency of the favorable alleles. The 
amount of the additive genetic variance in the popula-
tion will be a function of the number of p=O.5 loci 
generated by the biparental mating. In an ideal breed-
ing program. a mechanistic technique would be used to 
annually identify, in the recurrently selected germplasm 
of interest. the elite x elite matings that (a) would 
maximize the number of p= 1.0 loci brought to each 
mating combination (to protect these loci from a 
counterproductive reversion to the p=O.5 state), and (b) 
would also convert p=O.O loci to a p=O.5 state (in 
sufficient numbers to allow further conversion to a 
p= 1.0 state via selection of the appropriate segregants 
from the progeny). Obviously such a technique does 
not exist. and until it is provided by molecular genetic 
research, breeders will have to rely on empirical tech-
niques to select elite lines for paired crosses. 
Another major deficiency arises because in most 
premier cultivar development programs, the mating 
phase of a specific selection cycle typically does not 
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include any more than just the two-parent hybridiza-
tion. That is, the FI progenies are not intennated, but 
instead are immediately selfed to initiate the rapid 
generation advance to near-homozygosity that con-
sumes the bulk of the selection cycle length in most 
cultivar development schemes. Selfing is, of course, a 
necessary feature since it generates the homozygous 
lines that will be tested. selected, and released as named 
cultivars. However, the intervention of an intennina-
bly long selfing phase (especially one that goes to near-
homozygosity) between the intennating of parents in 
one selection cycle and the intennating oftheirprogeny 
in the next cycle, has a serious drawback; intra-locus 
heterozygosity is reduced by one-half in each selfing 
generation. This rapid loss is incompatible with the 
need to maintain heterozygosity at a level that will 
provide chromosomal crossovers with an opportunity 
to recombine the undesirable repulsion linkages in the 
parental genotypes into selectable recombinant prog-
eny possessing the desirable coupling linkages. 
Jensen (1970) observed that both of the foregoing 
defects could 'be alleviated by use of his "diallel selec-
tive mating" (DSM) system. In the DSM system, each 
breeding cycle still retains a phase consisting of selfing 
the progeny to near-homozygosity. However, the self-
ing phase no longer intervenes between successive 
matings, but instead is "spun-off' from the population 
undergoing continuously repetitive intennatings. This 
"spin-off' feature represented a fairly radical departure 
from the then existing breeding practices, and because 
it also required large numbers of crosses each year, it 
has not been adopted by many soybean breeders. 
However, when the Ms!ms2 fonn of soybean genetic 
male-sterility became available (Bernard 1975), it was 
immediately used to construct a parentally diverse (in 
the cytoplasmic and genomic sense) random-mating 
population. Given the name SG I, this population was 
released to breeders in 1985 (Specht et al. 1985). The 
convenience of male-sterility has made DSM a feasible 
breeding method, but the authors have modified it to 
develop a breeding method that warrants future theo-
retical and empirical comparisons with the conven-
tional soybean breeding method. 
The Conventional Soybean Breeding 
Method 
The basic aspects of a contemporary soybean cultivar 
development program are illustrated in Figure 1. Such 
a program would likely be used when the sole objective 
is an incessant search for cultivars with ever-greater 
yields. The mating phase consists of single crosses 
220 
made belween pairs of homozygous parents. At Ne-
braska, for example, 10 unrelated genOlYpes (some 
breeders use more than 10) are selected each year from 
the gennplasm emanating from local and external 
breeding programs. The criterion for selection is ex-
ceptional yield perfonnance relative to the best recent 
cultivar releases of a similar maturity. The ] 0 parents 
would, in most instances, comprise promising breeding 
lines andlor recent cultivar releases. A 10-parent 
diallel (noselfsorreciprocals) is used to generate the 45 
possible single-crosses commencing each cycle (Fig. 
I). 
The selfing phase of each selection cycle includes a 
two-generation advance (some breeders do three or 
four generations) by SSD in a winter nursery. The 
following summer, about 150 FJ plants per cross are 
harvested. The evaluation and selection phase of each 
selection cycle begins with a 3-replicate hill-plot test of 
about 6750 FHlines. About half of these are discarded 
prior to harvest (based on visual selection), and ofthe 
harvested remainder, only the best 20-25% (ca. 600-
8(0) are tested as F3.S lines in the following year's 2-
replicate 2-row-plot yield trials at six Nebraska loca-
tions. Only the best-yielding 5% (ca. 20-40) will be 
tested as F 3.6 lines the following year in the Northcentral 
USA Soybean Preliminary Tests. Superior lines from 
the Preliminary Tests are then tested for up to two years 
in the multilocational Northcentral USA Unifonn Tests, 
with possible release depending upon yield perfonnance 
vs the recent cultivar releases that serve as controls. 
With this system (Fig. 1), it is anticipated that Fq seed 
of the released variety would be made available to 
Nebraska certified growers, who would increase and 
sell the Flo certified seed to all other Nebraska producers 
the following year. Thus, a cycle of variety develop-
ment would span 8 years from the year of the mating to 
the year of first commercial production. 
An Alternative Soybean Breeding Method 
The authors have designed an alternative breeding 
method that attempts to combine the best features of the 
DSM system and the conventional breeding (CB) sys-
tem into a male-sterile-facilitated cyclic breeding 
scheme(MSFCB). In the new method, the 10 annually 
chosen elite parents are not directly mated to each other 
(as in the CB system), but are placed instead in an 
isolation nursery containing male-sterile plants. In-
sects randomly transfer pollen from the 10 elite parents 
to the male-sterile plants. At least one FI seed is har-
vested from each of the available male-sterile plants, 
Selection cycle 
Year Season 1 2 3 4 6 7 8 
1989 S P9)(P6 
~ 
WI F, , 
• W2 f2 P9 ~ PO 1990 S l' WI FI , • W2 f2 P9;Pd' 1991 s FJ." FJ 
WJ ! l FI • • W2 F2 ... P9~ p6 1992 s Fj ' 5 r [' WI 1 FI • + W2 f2 P9)(PO 
1993 S F»6 FJ·s FN Fj ~I WI l 1 l 1 + • W2 F2 P9)(P6 .. 
1994 S FJ., F3'6 Fj ' 5 F»4 F3 .. 
WI ! l 1 1 1 F, + • W2 f2 P 91C p6 
1995 s F3'8 FJ., FJ ' 6 F)·s FN F3 , 
WI l 1 l l 1 ! F, + • W2 F2 .. P9;P6 1996 s F3'9 F3'8 F3·, F]-6 FJ·s FN F) 
WI 1 l 1 1 l 1 l F, W2 f~ 
.. 
1997 S F)'lo F)'9 F)'8 Fl ' 7 F3'6 FJ•s FN FJ 
WI l l 1 t l ! l W2 
1998 S FJ./O F]-9 Fl'S FJ., F)'6 FJ'5 F3'4 
Filure 1. Tbe connntional breedinl (CB) method v .... ·vis tbe male1terile facilitated cycHc breedinl 
(MSFCB) includes a matinl phue, a lelflnl pbale, and a testinl phue for Identlfinlsuperior Unes for 
rei .. u named cultivan. The P g)( PO symbolism in the CB metbod repreaentl the annual malinp 
lenerated by a partial diallel of 10 parents, which are lelected by the breeder from local and eDema) 
lermplum sources. In the MSFCB method, Po repreaents the .. me set of 18 parents, but P 9 
repreaents male1terlle F2 plants em_tinl from the FI plants previous year's P 9 )( PO matinp 
(arrows). See allo text. 
and when sown in a winter nursery, provides the F, 
plants that will be bulk-threshed to generate F2 seed. 
Most of this seed proceeds through the breeding pro-
gram (Fig. I), but a portion of the F 2 seed is cycled to the 
next year's isolation nunery. thus providing the source 
of the male-sterile plants that will be mated to the next 
set of to elite parents. The F2 plants in the isolation 
nuneries segregate 3 male-fertile to 1 male-sterile 
plants(genotypicratio: 1 MS#S2:2Ms2ms2: 1 mszmsz). 
but the male-fertile plants are rogued as soon as they 
produce an examinable flower (in mszmsz flowers. the 
shrunken anthers bear no pollen). One major modifi-
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cation that makes the MSFCB system comparable to 
the CB system, but distinguishes it from the DSM 
system is the annual inflow of 10 new parents. St. 
Martin (J985) suggested that such breeding methods 
are more aptly termed "recurrent introgression" than 
recurrent selection. In any case, the MSFCB mating 
design provides a "recombinational link or connec-
tion" between the intermating phases that commence 
each successive annual breeding cycle. The conse-
quences of this can be illuminated by the following 
reference to the scheme in Figure I. If the collective 
genome of the FI crosses made in 1994 were to be 
allocated on the basis of ancestral source, 50% would 
trace to the 10 male parents used in that same year, 25% 
would trace to the 10 male parents used in 1993, 12.5% 
to 10 male parents of 1992, 6.25% to the 10 male 
parents of 1991, and so on, ad infinitum. In the CB 
system, however, the "recombinationallink" would be 
established only over a much longer period oftime. For 
example. progeny emanating from 1989 crosses would 
not be used as parents until perhaps 1996 (Fig. I), and 
then only iftheiryield performance in the 1995 uniform 
trials justified their inclusion in the 1996 set of ten 
parents. 
The MSFCB method does have a complication that 
is not pres,ent in the CB method. Male-sterile plants 
appear in the breeding material that is "spun-off' after 
each intermating cycle. Only male-fenile plants will be 
sampled by SSD in the F2 generation, and only indi-
vidual male-fertile plants will be harvested in the F3 
generation (Fig. I), which will segregate 5 male-fertile 
to 1 male-sterile. The male-fertile F\ plants will have a 
genotypic ratio of 3 MS~S2 : 2 Ms;>msr Thus, 40% of 
the Fu entries in a hill-plot test will segregate for 
sterility, and thus must be discarded. Therefore, a valid 
cost comparison of the new and CB methods must take 
into account that the numbers of F2 and Fj plants, and 
FHlines, will have to be multiplied by factors of 1.33, 
1.20, and 1.66, respectively, in the new method. The 
breeder can, of course, delay individual plant harvest to 
the F .. or F3 generation, when the number of homozy-
gous male-fertile plants is a greater fraction of the 
whole. 
Summary 
The authors have laid the groundwork that will allow 
them to perform a rigorous empirical comparison of the 
MSFCB procedure with the CB method. An elite 
version of the SO 1 population, which will be released 
in 1990, provided the initial male-sterile parents when 
the new method was initiated in 1989 (Fig. 1). The 10 
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male parents chosen each year will be the same for both 
procedures. It is of interest to note that the MSFCB 
technique wi II also allow empirical testing of the use of 
SSD beginning with Fl seed rather than the traditional 
F2 seed (Compton 1968). This and other ideas that 
originate from the comparative evaluation process, 
which will probably take a decade to complete, will 
provide some interesting dissenation research projects 
for present and future graduate students. 
Are there any lessons in the soybean model that are 
of value to the chickpea breeder? The authors think 
there are at least three. First, a good genetic male-
sterility system is of paramount imponance if recurrent 
i ntrogression schemes are to be convenient I y appl ied to 
chickpea. Second, cooperative testing programs and a 
policy that rigorously promotes the exchange of breed-
ing lines are essential. Such testing programs and 
gennplasm exchange were key elements in the merging 
of recurrently selected local populations into regional 
and national populations of elite gennplasm, from 
which local breeders now draw parents for their local 
breeding programs. Finally, a retrospective and con-
temporary analysis of breeding methods in other crop 
species may provide the 'Chickpea breeder with some 
invigorating ideas and alternative approaches to what 
may currently seem to be insoluble breeding problems. 
It is hoped that this contribution on soybean breeding 
will have some use in that context. 
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New Approaches in Chickpea Breeding and Prospects 
in the Nineties 
P.N. Bahll, P.M. Salimath1, B.A. Malik), B.S. Oahiya4, 
R.B. Deshmukh5, and P. Rangasamy' 
Abstrdct 
To increase per capita availability of pulses in the 1990s, it is necessary to bring about major 
gains in the productivity of chickpea, the main pulse crop of the Indian sub-continent. Within 
cultivated species of chickpea, the two groups, desi and kabuli, and within these groups tall and 
bushy types show differential expression for certain agronomic traits. Non-hierarchical Euclid-
ean cluster analysis of 200 entries specified 15 and 2 clusters suggesting kabuli and desi as 
distinct groups within the cultivated taxon. Multivariate analysis brought out a clear demarca-
tion between tall and bushy types. Backcrossing was successful for introgressing desi germplasm 
to kabuli background and vice versa. In terms of yield performance, tall types favored late 
sowing, compared with bushy types, which do better under normal sowing. Tall types offer 
possibilities for non-traditional cropping patterns and seasons to extend their area of cultivation. 
Stability of production is possible when adequate control of diseases through resistant cultivars 
is achieved. Development of near-isogenic lines, by incorporating genes for resistance to major 
diseases, has been proposed as a long-term goal for effective disease control. Different agro-
climatic situations on the Indian sub-continent have been covered in case studies to project 
regional constraints and to suggest strategies to overcome them in the 1990s, so that there will 
be an adequate per capita availability of proteins by the year 2000. 
Resume 
Nouy~lles .pproches • J. Mlection du pois chlch~ ~t poaiblHtis pour la UlJea 90: Pour 
augmenter 1a disponibilite par habitant des 1egumineuses au COUTS des annees 90, iJ est 
necessaire de realiser des gains importants de 1a productivite du pois chic he, qui est 1a 
principale culture 1egumineuse du sous<ontinent indien. Parmi 1es especes cu/tiv6es de pois 
chiche, 1es deux groupes 'desi' et 'kabuli' et, au sein de ces groupes, 1es types grands et 
buissonnants, manifestent une expression differentielJe pour certains caracteres agrono-
miques. Une analyse eucJidienne non hierarchique des grappes rtaJisk sur 200 entrees a 
specifie 15 et 2 grappes, ce qui ferait de kabuli et desi des groupes distincts dans Ie tBlCon 
cultive. Une analyse A plusieuTS variables a fait ressortir une demarcation neUe entre les types 
grands et buissonnants. Le retrocroisement donnait de bons dsu/tats pour l~ntrogression du 
materiel desi dans un milieu kabU/i et vice versa. En ce qui concerne les rendements, les types 
grands favorisent les semis tardifs, en comparaison avec des types buissonnants, qui se 
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component mieux avec des semis normawe. Les types grands offrent des possibilites de 
systemes de culture et de saisons non traditionnelles pour elargir leurs zones de culture. La 
stabilite de la production est possible lorsqu' on reussit a lutter el1icacement contre les 
maladies a l'aide des cuJtiVIUS r6sistants. La mise au point de lign6es quasi isogeniques, en 
incorporant des genes de r6sistance awe principales maladies, a ete propose comme objectif a 
long terme pour assurer une maltrise eiTlCBce des maladies. Des situations agro-climatiques 
differentes sur Ie sous..continent indien ont ete couvenes dans des etudes de cas pour projeter 
les contraintes regionales et suggerer des strategies pour les surmonter au cours des annees 90, 
arm de prevoir une disponibilite adequate en proteines par habitant d'ici I 'an 2000. 
Chickpea has an extensive geographical distribution 
covering the Indian subcontinent, the Mediterranean 
region, western and eastern Asia, nonhern and eastern 
Africa, and southern Europe. Although India has the 
largest global share (76%), both in area and production. 
the productivity of this crop is low compared to yields 
in some other pans of the world. To make India self 
sufficient in pulses and to adequately meet the nutri-
tional requirements of its growing population. major 
strides in pulse production should be made during the 
19908. Because the prospects of increasing the area 
under pulses are bleak. increased production should 
come from increased productivity. Accordingly. 
breeding strategies will have to be based on new priorities 
and objectives. 
The major objective in the 1990s should be to de-
velop a sustainable agriculture at a high level of produc-
tivity. Chickpea breeders should meet this challenge 
by making major gains in chickpea productivity. Evi-
dently this requires a multidirectional attack on some of 
the basic problems relating to the breaking of yield 
barriers in chickpea. 
Historically, yield improvement in any crop can be 
traced back to exploitation of new sources of germplasm 
or traits that harness genetic variability. Progress in a 
breeding program depends upon the extent of variabil-
ity present, and the amount of variability recombined 
during hybridization which becomes available for se-
lection. The transfer of such variability to the adapted 
genotypes in chickpea would involve intervarietal. 
intergroup (within a species), or interspecific cross 
combinations. To execute this program. it may be 
necessary to follow several innovative breeding ap-
proaches because chickpea breeding objectives are 
complex and demanding. 
Exploitation or Alien Germplasm 
Diminished genetic variability within the cultivated 
gene pools of crop species is a phenomenon of contem-
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porary agricultural systems. To meet the present and 
future aims and objectives of ever-expanding breeding 
programs. it is essential to augment the available ge-
netic variability by infusing alien germplasm into the 
breeding populations. The introgression of exotic 
gennplasm from wild and cultivated relatives, must 
consequently be an integral pan of a breeding program 
(Stalker 1980). Besides affecting yield, alien germplasm 
can be a source of several desirable trails including 
nutritional attributes, resistance to abiotic and biotic 
stresses. and duration of maturity. 
Kabuli-Desi Introgression 
Within the cultivated species of chickpea, kabuli and 
desi are considered distinct groups of cultivars (Bahl 
1980; Hawtin and Singh 1980). More recently, Mani 
(J 987) studied 200 entries. representing 100 each of 
desi and kabuli types. from six major chickpea-grow-
ing regions of the world and evaluated them for vari-
ation, using multivariate and electrophoretic methods. 
The 200 entries, grouped into 15 clusters, showed a 
tendency to fonn separate clusters for desi and kabuli 
types (Table I). As many as 10 clusters comprised 
exclusively desi or kabuli entries. The remaining five 
mixed clusters had predominance of either one type or 
the other. Furthermore, non-hierarchial Euclidean 
cluster analysis specified 15 and 2 clusters, confinning 
the presence of specific genotypes with differential 
expressions in respect of specific agronomic traits 
fonning two sub-groups within chickpea. Whatever 
the magnitude of differentiation or genetic distance 
between kabuli and desi types, crosses between them 
can help in transferring desirable characters from one 
sub-group to the other. 
Following this approach. Ugale and Bahl (1983) 
studied the pattern of transgressive segregation in three 
single crosses, each involving a desi and a kabuli 
parent, to investigate the possibility of incorporating 
kabuli traits into desi types and vice versa. Transgres-
Table 1. Pattern of distribution oflOO cblckpea entries 
in 15 dusten IOwn at Delhi durinll984/851. 
Cluster No. of entries Percentage of entries 
no. Desi Kabuli Desi Kabuli 
I 7 2 77.8 22.2 
2 10 100.0 
3 13 1 92.9 7.1 
4 19 100.0 
5 17 4 81.0 19.0 
6 18 100.0 
7 12 100.0 
8 12 100.0 
9 S 100.0 
JO 14 100.0 
II II 100.0 
12 4 11 26.7 73.3 
13 JO 100.0 
14 17 100.0 
15 3 10 23.1 76.9 
Source: Mani 1987. 
sants for yield and its components were studied in F2s, 
FJs and progenies of backcrosses (BC,F2 and BCl2' 
using both desi and kabuli as recurrent parents). Rela-
tive proportions of transgressive segregants for differ-
ent agronomic characters were higher in progenies of 
backcrosses than in selfing series. Thus reciprocal 
backcrossing was successful in intTogressing desi 
germplasm into kabuli backgrounds and vice versa. 
Several high-yielding and widely adapted varieties 
such as L 104, L 144, L 550, and Pusa 267 among kabuli 
types and Pusa 244, Pusa 256, and Pusa 261 among 
desis have emanated from crosses in which kabuli and 
desi germplasms have been recombined in single, 2-
way, or double crosses (Bahl 1988). However, kabuli-
desi introgression, which seems to have tremendous 
possibilities, has yet to receive concerted and consis-
tent efforts to realize the full potential ofthis approach. 
Interspetific Hybridization 
Interspecific hybridization can play an important role 
through introgression of important genes from one 
species into another. In the case of Cicer, a number of 
desirable traits such as resistance to diseases, high seed 
number per pod, and drought resistance are available in 
the wild annual species (van der Maesen and Pundir 
1984). Some of them suchasC.judaicumandC. bijugum 
possess resistance to fusarium wilt and ascochyta blight, 
both important diseases of chickpea. However, there 
are crossability barriers to interspecific hybridization, 
and most of the wild species, possessing certain useful 
characters which the breeders are looking for, belong to 
the tertiary gene pool (Ladizinsky and Adler 1976; 
Ahmed et a1. 1988; Ladizinsky et a1. 1988). The 
problems and prospects for application of biotechnol-
ogical tools to overcome these barriers have been 
discussed by Ladizinsky et aJ. (1988) and van Rheenen 
et al. (1988). Integration of these techniques in 
chickpea breeding would facilitate gene flow from wild 
to cultivated species. 
Breeding Chickpea for Adaptation in 
Terms of Time and Space 
Adaptation to Late-sown Conditions in Northern 
India 
With the emergence of new cropping patterns in north-
western and northeastern India, fanners are looking for 
chickpea varieties that can be fitted into double-crop-
ping systems. For traditional bushy cultivars, the yields 
are drastically reduced when they are sown late. Tall 
genotypes, differing distinctly from those with a bushy 
growth habit, may provide a suitable option for cultiva-
tion under late-sown conditions. 
Growth habit is known to have played an important 
role in the domestication and evolution of pulse crops 
(Smartt 1976). As a first step in testing different growth 
habits, 19 chickpea genotypes, comprising 10 bushy 
and 9 tall types, were studied for possible genetic 
differentiation through multivariate analysis, based on 
pooled data of 2 years wilh two environments in each 
year (Yadav 1986). The pattern of clustering in respect 
of tall and bushy genotypes provided a very interesting 
picture. Of the five clusters, two exclusively included 
bushy types and the remaining three only included tall 
genotypes. While the bushy types were all of Indian 
origin, the tall types invariably had a variety from 
USSR in their parentage. The clear demarcation be-
tween the two types, based on both agronomic charac-
ters and origin, led to the conclusion that either taIl 
types diverged from bushy types during the course of 
evolution or the two types possess differentiated char-
acters as a result of area-specific adaptations. 
In broader perspective the genetic potential of tall 
and bushy plant types, can be assessed by estimates of 
biomass production, grain yield, and harvest index in a 
fixed span of growth period. Of the different agro-
nomic characters, branching pattern, number of effec-
tive pods, and seed mass would exert marked influence 
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on these parameters. Yadavand Bahl (1988) studied 
the mean performance of 11 bushy and 9 tall genotypes 
for some of these characters under normal and late-
sown conditions (Table 2). Significant differences, 
between bushy and tall types under normal sowing in 
respect of grain yield, pod number, and biomass pro-
duction, were reduced to non-significant levels when 
late sown. In bushy types there was a marked reduction 
in these parameters when sown late, but such decreases 
were of low magnitude for tall genotypes. Interest-
ingly, the harvest index increased appreciably in tall 
types and only marginally in bushy types when they 
were sown late. Similar observations on tall genotypes 
were earlier reponed by Bahl et al. (1984). Probably, 
tall types have evolved to withstand the adverse effects 
of late germination. An important implication of this 
study is that tall types offer opportunities for non-
conventional cropping patterns. 
To improve the yielding capacity of tall and compact 
types for normal sowing conditions, they were crossed 
with bushy types in order to decrease internodal length 
and increase the number of pod-bearing nodes. This 
brings about some phenological changes and favorable 
partitioning of the biomass production (Oahiya et a1. 
1988). Some derivatives were semi-tall in growth habit 
with podding starting a few inches above ground level. 
They were tolerant to cold, and continued pod forma-
tion in the cold weather under northern Indian condi-
tions when traditional bushy types stop podding. 
Adaptation to Early Sowing Conditions in Peninsu-
lar India 
The chickpea crop in peninsular India is rainfed, and 
grown either on rainy-season fallows or after a shon-
duration millet or pulse crop. Chickpea, normally sown 
in October, is forced to mature after mid-February 
owing to rising temperatures and drought stress. These 
conditions, involving a short growing season (90-120 
days) and limited water, are responsible for low pro-
ductivity. By sowing a month earlier (mid·September), 
a longer growing period is provided, which in tum 
would be expected to raise yield levels. Moreover, the 
good moisture conditions in September would also 
ensure better germination and crop establishment, 
compared to normal sowing. The yield advantage of 
early sowing over normal sowing ranged from 35% to 
120% (ICRISAT 1986). More research effort is re-
quired to develop varieties suitable for these growing 
conditions and to overcome some of the constraints 
associated with early sowing. 
Development of Near-isogenic Lines with 
Resistance to Major Diseases 
Vulnerability to diseases is one of the major constraints 
to chickpea production. Among the important diseases 
of chickpea, ascochyta blight caused by Ascochyta rabie; 
(Pass) Lab. is the main limitation in northwestern India 
and Pakistan, whereas wilt caused by Fusarium 
oxysporum f.sp. deer; partially accounts for poor and 
unstable yields in many countries including India, 
Pakistan, northwestern Africa. Spain, Mexico, and 
USA (Hawtin et al. 1988), Fortunately, considerable 
progress has already been made in the development of 
screening techniques and identification of sources of 
resistance against these and several other diseases 
(Nene et al. 1981). Resistance to ascochyta blight is 
controlled by a single dominant or recessive gene (Vir 
et a1. 1975; Singh and Reddy 1983; Tiwari and Pandey 
1986; Singh and Reddy 1989); and two recessive genes 
(Upadhyaya et al. 1983a, 1983b) or a combination of 
one recessive gene and one dominant gene (Smithson 
el a1. ] 983) in the case of wilt. Therefore, breeding for 
resi stance against these diseases should not pose unsur-
mountable difficulties. 
Table 1. Means of some .... onomic cb .... den In II bUlby and 9 tall cbickpea lenotypes under normal and late-soWD 
conclidoDl. Delhi 1983/14. 
Normal sowing (2 Nov 1983) Late sowing (26 Nov 1983) 
Character Bushy Tall CD Bushy Tall CD 
Grain yield plant-I (g) 31.62 17.35 11.62 17.31 17.81 9.91 
Pods plant-I 190 98 68 105 86 SO 
Total biomass plant-I (g) 86.45 60.14 22.28 42.60 42.52 15.60 
lOO-seed mass (I) 12.51 14.52 1.52 11.81 14.33 1.62 
Harvest index (%) 36.53 28.29 8.33 40.41 40.46 10.37 
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With this background infonnation, a breeding pro-
gram has been initiated at the Division of Genetics, 
IARI, to develop near-isogenic lines (NILs) of the 
widely adopted variety Pusa 256, aimed to be individu-
ally resistant to ascochyta blight or fusarium wilt. The 
ultimate goal is to develop several Nll..s of Pusa 256 for 
different regions, and to blend the appropriate ones, 
depending on the races of a pathogen and number of 
diseases prevalent in a particular region. 
To achieve this, donors of resistance genes will be 
crossed and backcrossed five or six times to Pusa 256. 
In the final step, homozygous resistant BC~F2 or BC6F2 
plants will be selected for phenotypic similarity to Pusa 
256. Depending upon the initial success of the pro-
gram, it is proposed to start the production of NILs, 
using several donors of resistance to these pathogens. 
The Jong-tenn goal wiJl be to generate a continuous 
flow of NILs that carry different resistance genes. In 
the event of a breakdown in resistance of certain genes, 
corresponding NILs will be dropped from the breeding 
program. Kolster et al. (1986) followed a similar 
approach in barley to produce NILs with genes for 
resistance to powdery mildew, and produced 24 NILs 
that differed in their genetic constitution. 
Case Studies 
Northwestern India and Pakistan 
During the last two decades, chickpea cultivation in 
this part of the Indian subcontinent has been pushed to 
marginal and dry areas mostly as a result of a backlash 
from the "green revolution". Though the crop is 
predominantly grown under rainfed conditions, par-
ticularly in the Thai desert of PakisWl, on the sandy 
soils of southern Haryana and northern Rajasthan states 
of India, about 15% of the area receives irrigation. 
Among the constraints to production, ascochyta blight 
is a potential danger to the crop especially in northern 
Pakistan and northwestern India. Besides this, fusar-
ium wilt and root rot, widespread over the entire Indian 
subcontinent, also cause extensive damage to the 
chickpea crop. Under irrigated conditions, excessive 
vegetative growth, often resulting from frequent irri-
gations or winter rains, aggravates disease problems 
and reduces yield. Varieties that can respond to late 
sowing after the rice harvest can help to extend chickpea 
cuhivation in the rice-growing areas of the region. 
To realize the production potential of this region. 
chickpea breeders should develop varieties that are: 
• resistant to major diseases prevalent in the region. 
• suitable for double cropping. 
• tolerant to salinity lalkalinity, drought and cold, and 
• responsive to irrigation and phosphatic fertilizer. 
Central and Peninsular India 
Chickpea is mostly grown after the rainy season on 
black soils with residual moisture. During its produc-
tive period, the crop is exposed to rising temperatures 
and drought stress which restrict the flowering period, 
hasten maturity, and result in low yields. Wilt and dry 
root rot are the major diseases of the region, and pod 
borer is a serious pest often causing heavy crop losses. 
To increase productivity, chickpea breeders should 
evolve varieties that are: 
• resistant to fusarium wilt and dry root rot, 
• tolerant to early sowing at relatively high tempera-
ture, and 
• productive and stable under limited moisture sup-
ply. 
Northeastern India and Bangladesh 
In the rice and jute fallows of West Bengal and Bang-
ladesh and rainy-season fallows in the Tal areas of 
Bihar, chickpea is sown in the second half of October. 
Late sowing of chickpea after the harvest of rice is also 
common throughout the region. Among the diseases, 
fusarium wilt and botrytis gray mold are major impedi-
ments to production. 
Specific research needs include: 
• development of varieties suitable for late sowing, 
• breeding varieties with resistance to fusarium wilt 
and botrytis gray mold, and 
• management of cut wonn and pod borer. 
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Disease and Pest Resistance Breeding: 
Which Way to Go in the Nineties? 
K.B. Singh), Jagdish Kumar, M.P. Hawarel , and S.S. Lateef 
Abstract 
F.Jrty-seven diseases and 54 insect-pests have been reported in chickpea (Cicer arietinum L.J. 
Among the diseases, ascochyta blight, fusarium wilt, dry root rot, botrytis gray mold, and stunt 
are important; among insect pests, pod borer, leaf miner, aphids, and seed beetle are serious. 
Diseases and insects together cause considerable yield loss and, most importantly, destabilize 
production. Host-plant resistance represents the best strategy to control them. Reliable field 
screening techniques have been developed, and much germplasm has been screened and 
resistance sources have been identified for major diseases and insect pests. Lines with 
resistance to ascochyta blight and to fusarium wilt have been bred and released as cultivars in 
the Indian subcontinent, Mediterranean region, and the Americas. 
Future efforts need to be intensified to breed cultivars resistant to dry rot, botrytis gray mold, 
and stunt, and to pod-borer and leaf-miner. Lines with multiple diseases and/or insect-pest 
resistance to meet the requirements of different agroecological zones need to be developed. 
Transfer of genes for resistance from wild Cicer species to the cultivated species through in vitro 
culture and protoplast fusion should be given priority. The importance of mapping the incidence 
of serious diseases and insect-pests in the world has been emphasized. 
Resume 
Selection pour la resistance aux maladies et aux ra"ageurs-quelle orientation pour les annks 
901: Quarante-sept maladies et 54 insectes ravageurs ont ete reperes chez Ie pois chiche (Cicer 
arietinum L.). La flecrissure ascochytique, Ie fJetrissement fusarien, la pourriture seche des 
racines, la pourriture grise due a botrytis, et Ie nanisme sont les maladies importantes. Le 
foreur des gousses, la mine use des feuilles, les pucerons, et les bruches du pois chiche causent 
des degats importants. Les maladies et les insectes occasionnent des pertes de rendement 
considerables et, en particulier, destabilisent la production. La resistance de la plante-hote 
constitue la meilleure strategie de lutte. Des techniques fiables de criblage au champ ont ete 
mises au point, et Ie criblage d 'une grande quantite de materiel genetique a permis d'identifier 
des sources de resistance aux maladies et aux insectes ravageurs importants. Des lignees 
presentant une resistance a Is flelrissure ascochytique et au fletrissement fusarien ont ete 
se/ectionnees et vulgarisees en tant que cultivars dans Ie sous-continent indien, la region 
mediterraneenne et aux Ameriques. 
Des efforts plus intenslfs sont necessaires, dans les annees A venir, pour la selection de 
cultivars resistants a la pourriture seche, ala pourriture grise due a botrytis, au nanisme, ainsi 
qu 'au foreur des gousses et a la mineuse des feuilles. Des lignees avec une resistance multiple 
----- ,-,---,~ .. --.--. 
I, Principal Chickpea Breeder (lCRISAT). Food Legume Improvement Program, International Center for Agricultural Research in the Dry 
Areas (lCARDA). P.O. Box 5466. Aleppo. Syria. 
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aux maladies etlou insectes ravageurs doivent ~tre mises au point afin de satisfaire les besoins 
des differentes zones agroecologiques. 11 faut accorder la priorite au transfert de genes de 
resistance des especes sauvages de Cicer aux especes cultivCeS, a 1 'aide de la culture in vitro et 
de la fusion des protoplastes. L 'importance de 1 ~tablissement des cartes d 'incidence mondiaJe 
pour les maladies et les insectes ra vageurs majeurs a ete souJignee. 
The chickpea (Our arietinum L.) plant is known to be 
attacked by 47 diseases and 54 insect pests (Nene and 
Reddy 1987; Reed et aI. 1987). The seed can be 
infested by three storage pests. The most serious 
diseases are ascochyta blight (Ascochyta rahie; [Pass. J 
Labr.), fusarium wilt (Fusarium oxysporum Schlecht 
emnd Snyd. &. Hans. f.sp. ciceri [Padwick] Snyd. & 
Hans.), dry root-rot (Rhizoctonia bataticola [TaubJ 
Butler), botrytis gray mold (Botrytis cinerea Pers. ex. 
Fr.), and stunt (bean leaf roll virus). Pod borer (Heli-
coverpa spp and Heliothis spp), leaf miner (Liriomyza 
cicerino Rondani and Phytomyza sp near lathyri 
Hended), and seed beetle (CaJlosobruchus spp) are the 
most important insect pests of chickpea. All these 
diseases and insect pests inflict serious yield losses. and 
destabilize production. Chemical measures to control 
some of the diseases and insect pests are known, but 
most are impractical and uneconomicaL Host-plant 
resistance seems to be the best strategy for achieving 
control. 
It is believed that selection for resistant plants began 
with the domestication of the chickpea plant. But 
systematic disease resistance breeding began with work 
on ascochyta blight in the 1930s in India (Singh 1987). 
Studies on insect pest resistance were initiated at the 
Indian Agricultural Research Institute, New Delhi, 
India in the 1960s. Progress made in disease and insect 
resistance breeding has recently been summarized by 
Singh 1987, Nene and Reddy 1987. and Reed et al. 
1987. This paper discusses different ways to manage 
the diseases and insect pests of chickpeas through the 
use of resistant cultivars. and thus to stabilize world 
chickpea production. 
Mapping Major Diseases and Insect Pests 
If the disease and insect problems of chickpea are to be 
tackled systematically. they need to be mapped to 
indicate their imponance in each growing region. While 
detailed maps based on precise surveys need to be 
developed. an attempt has been made here already, 
based on the observations of several chickpea scientists 
(van Rheenen, personal communication), to indicate 
the imponance of different diseases and insects (Table 
1). Clearly two diseases. fusarium wilt and ascochyta 
blight. and one insect pest, pod borer, assume global 
importance. 
Table 1. Important diseues and insect pests in different zones of the world. 
Zone (latitude) 
II III IV 
Biotic stress (0°_20°) (20°-25°) (25°-30°) (30°-45°) 
Diseases 
Fusarium wilt 1-21 1-2 1-2 5 
Ascochyta blight 9 9 5 1 
Botrytis gray mold 9 2-3 3 9 
Root rots 3 3 5 7 
Stunt 4 4 4 7 
Insects 
Pod borer 1-2 1-2 1-2 5 
Leaf miner 9 9 9 I 
Nematodes 
All combined ? ? 7? 7? 
I. Rated on a scale of 1-9, where I = extremely important,S = occasionally important, and 9 = not important. 
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Screening Techniques 
Diseases 
Efficient field inoculation techniques are available to 
allow rapid and large-scale screening of gennplasm 
lines and breeding materials for important chickpea 
diseases. These are routinely used in crop improve-
ment programs at ICRISAT, ICARDA, and in several 
national programs (Nene et al. 1981; Nene and Reddy 
1987). However, screening techniques are not well 
developed for diseases of secondary importance. 
Insect Pests 
Fairly suitable techniques to screen gennplasm and 
breeding lines for resistance to pod borer (Lateef and 
Reed 1981 and 1985) and leaf miner (Weigand 1988) 
have been developed. However, there is a great need to 
improve these techniques because the results of screen-
ing are only reliable if repeated for three seasons. 
Miniaturization of Screening Technique 
A water-culture technique has been developed to screen 
chickpea for resistance to fusarium wilt and black root 
rot (Fusarium solani [Mart.] Appel & Wr.) (Nene et al. 
1981). Using a paper-towel technique resistance to dry 
root rot can be identified within a week of inoculation 
(Nene et al. 1981). At ICRISAT, a growth room with 
controlled temperature,light, and humidity conditions 
is used for screening for ascochyta blight resistance. At 
ICARDA, a similar facility has been developed in a 
gleenhouse. Using these facilities, thousands of lines 
can be screened in a short period. 
Screening techniques for insects and other diseases 
also need to be miniaturized. 
Rating Scale 
Diseases 
A 1- to 9-point scale is being used to score plant 
diseases (Nene et al. 1981). This scale can be used for 
reaction to evaluate materials in field or greenhouse. 
Insect Pests 
Lateef and Reed (1981 and 1985) have described a 
method for assessing and rating genotypes for resis-
tance to pod borer, and Weigand (1988) has described 
a rating scale for leaf miner. 
Sources of Resistance 
Diseases 
Several sources of resistance to fusarium wilt that are 
stable across locations are now available in chickpea 
gennplasm (Nene and Haware 1980). These sources 
(e.g., ICCs 10803, 11550, 11551, 11322 and 11323) are 
stable and have retained their resistance under high 
levels of inoculum pressure. ICRISAT scientists have 
been able to identify combined resistance/tolerance to 
fusarium wilt, and to root rots caused by R. hataticola 
and F. solani. e.g., ICC 12237 and ICC 12269 (Nene 
1988). Three kabuli lines, FLIP 82-78C, FLIP 84-43C, 
and FLIP 84- J 30C developed at ICARDA were found 
to have resistance to fusarium wilt when evaluated in 
Cordoba, Spain. 
At ICARDA, several sources of resistance to asco-
chyta blight have been reported (Reddy and Singh 
1984;SinghetaI.1984). Some of these lines (e.g., ILCs 
72.182.187,200,2380,2506,2956,3279,3856,4421, 
5586, 5902, 5921, 6043, 76090, and 6198) also have 
resistance in several other countries. 
I nsect Pests 
A \though high levels of resistance to pod borer have not 
been available, ICC 506, ICC 10619, ICC 6663, ICC 
10667. ICCY 7, ICCX 730041-8-I-B, and ICCX 
730020-11-1-1 H-B have shown some resistance (Lateef 
1985). The best source of resistance to leaf miner found 
at lCARDA is ILC 5901 which has a multipinnate leaf. 
Sources of resistance to other insects are yet to be 
identified. 
Inheritance of Resistance 
Singh et al. (1987) reviewed the literature on inheri-
tance of resistance to fusarium wilt and found that two 
recessive genes, and in one case, a partially dominant 
gene, conditioned late wilting. The combination of any 
two conferred complete resistance. Singh and Reddy 
(1989) reviewed the literature on the genetics of resis-
tance to ascochyta blight and reponed that a single 
dominant or a recessive gene controls the resistance. 
Gowda et a!. (1985) reported that additive genes confer 
resistance to H. armigera. There are indications that 
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the inheritance of resistance to fusarium wilt and asco-
chyta blight is not so simple as has been reported and 
further study is required. The genetics of resistance to 
other diseases and insects needs to be investigated. 
Germplasm Enhancement 
Diseases 
Systematic studies on races of chickpea diseases have 
not been made. However. races have been reported for 
fusarium wilt (Haware and Nene 1982) and ascochyta 
blight (Reddy and Kabbabeh 1985). and lines with 
resistance to these races have been identified. Lines, 
partially resistant to 6 races of A. rabiei have been 
developed at ICARDA. and likewise. success has been 
achieved at ICRISAT Center in identifying lines re-
sistant to more than one race of fusarium wilt. Such 
lines may have a longer life span than those that only 
have resistance to a single race. For other diseases 
similar achievements are required. 
Insects 
So far. no race differences have been reported for pod 
borer and leaf miner. Most ofthe H elicoverpa resistant 
chickpea lines are highly susceptible to fusarium wilt 
and to ascochyta blight. 
Combining Resistance to Diseases 
ICRISAT Center has been concentrating on the devel-
opment of fusarium wilt and root-rot resistant lines. 
while the Tunisian national program and ICARDA 
have worked on the development of ascochyta blight 
and fusarium wilt resistant cultivars. Success has been 
reported from all three centers. 
Combining Genes for Resistance 
ICRISA T is making efforts to combine genes for resis-
tance to pod borer and fusarium wilt. and has success-
fully made the combination in line ICCL 86111. 
ICARDA has succeeded in combining genes for resis-
tance to cold and ascochyta blight. There is a need to 
combine resistances to stresses. as indicated in the 
following examples: 
• Foliar diseases (ascochyta blight and botrytis gray 
mold) + soilborne diseases (fusarium wilt and root 
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rots) + stunt virus + pod borer for the Indian subcon-
tinent. 
• Ascochyta blight + fusarium wilt + other soilborne 
diseases + leaf miner + pod borer for the Mediterra-
nean region. 
• Soilborne diseases (fusarium wilt + root rots) and 
viruses for the Americas. 
• Botrytis gray mold + pythium root and stem rot + 
pod borer for Australia. 
Resistance Breeding 
Ascochyta Blight 
The progress made in ascochyta blight resistance 
breeding from the 1930s until 1984 has been summa-
rized by Singh (1987). Since 1978. ICARDA directed 
most of its resources in breeding. pathology. and 
physiology towards the development of cold tolerance. 
ascochyta blight resistant. and high-yielding cultivars. 
Resistance sources for both stresses have been identi-
fied. High-yielding lines. combining resistance to both 
stresses. have been developed and furnished to coop-
erators in the Mediterranean region. The success of 
these lines is evidenced by the release of 22 cultivars in 
10 countries. Ascochyta blight resistance breeding 
work is now being conducted throughout the Mediter-
ranean region. eastern Europe. USSR. India. Pakistan. 
and the USA. Good progress has been made in many 
countries. 
Fusarium Wilt 
The Mexican National Program was the first to develop 
and release wilt-resistant cultivars. The Indian Na-
tional Program has also released several resistant cul-
tivars. including WR 315 and CPS I. rCRISAT sup-
ported the efforts in breeding wilt-resistant lines. Some 
of these have been released. for example. ICCV 2 in 
India. an extra short duration kabuli. that is resistant to 
two races of fusarium wilt. The Tunisian National 
Program has developed and released Amdoun 1 as a 
wilt-resistantcultivar. The University of California has 
released two wilt-resistantcultivars: UC 15 and UC 27. 
Other Diseases and Pests 
At ICRISA T efforts have been made to breed for pod 
borer resistance. Some success has been achieved. but 
there hatS been little or no success in breeding for 
resistance to leaf miner. botrytis gray mold, and several 
other diseases. Future efforts should be directed to-
wards the development of lines with multiple disease 
and insect resistance. 
Need for Additional Germplasm of Culti .. 
vated and Wild Species 
ICRISA T Center maintains 15 500 accessions of desi 
and kabuli chickpeas. and ICARDA 7250 accessions of 
kabuli chickpeas. There are duplications and by elimi-
nating them the total number will come down to about 
20 000. Most of these have been evaluated for resis-
tance to ascochyta blight. but no line has been found to 
be highly resistant. Evaluation of the germplasm 
collection for resistance to other diseases, such as stunt. 
revealed only moderate levels of resistance. Evalu-
ation of more than 5000 gerrnplasm accessions to cyst 
nematode and seed beetle yielded no source of resis-
tance (Singh 1989). This underlines the need for 
additional germplasm collection to support resistant 
breeding programs. 
As in other crops, wild annual Cicer species possess 
a wealth of genes for resistance (Singh et al. 1989). We 
found higher levels of resistance to ascochyta blight, 
leaf miner. and cold in wild species than in the culti-
vated species. Resistance to cyst nematode and seed 
beetle were found only in wild species. The number of 
wild species accessions is small and needs to be en-
larged by additional collection. 
Application of in vitro Techniques 
The use of tissue culture techniques. for instance in 
embryo rescue and protoplast fusion. is essential for the 
transfer of genes for stress resistance from wild Cicer 
species to the cultivated species. No success has been 
achieved so far. but systematic work is underway at 
several institutions. including ICRISA T Center. India; 
ICARDA. Syria; Indian Agricultural Research Insti-
tute. and Osmania University. India; University of 
Napoli. Italy; and the University of Saskatchewan. 
Canada. Successful crosses have been reported betweem 
C. arierinum and C. reticulatum (Ladizinsky and Adler 
1976). Crosses between C. arietinum and C. echino-
spermum resulted in FI plants. but F2 seeds could not be 
obtained. At ICARDA. F2 seeds have been produced by 
FI plants of this cross combination. 
Future Strategy 
1. In order to develop a suitable global strategy for 
resistance breeding. there is a need to zone diseases 
and insect-pests according to their importance. 
Zoning should start with the most important dis-
eases; ascochyta blight or fusarium wilt. and then be 
extended to other stress conditions. 
2. Detailed genetic analysis of resistance to diseases 
and insect pests is important in formulating an 
appropriate breeding strategy. 
3. Additional accessions of wild species should be 
collected and evaluated for resistance to different 
diseases and insect pests. 
4. Techniques to transfer genes for resistance from 
wild to cultivated species should be developed. 
5. Meaningful pyramiding of genes for resistance to 
different races of a pathogen. to different diseases. 
to insects. or to diseases and insects would go a long 
way in laying a solid foundation for crop improve-
ment. 
6. Basic research in the area of tissue culture, somaclo-
nal variation, Bacillus thuringiensis (B.l.) genes for 
the control of Helicoverpa spp. restriction fragment 
length polymorphism (RFLP) is recommended 10 
strengthen the resistance breeding. 
7. Studies on the mechanism of resistance to diseases 
and insect pests are urgently needed. 
8. Efforts should be directed toward developing culti-
vars resistant to multiple diseases and insect-pests. 
9. Faster progress in all these areas requires a team 
approach by breeders, pathologists, entomologists, 
and other scienlislS, and this should be encouraged. 
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Breeding Chickpea for Resistance to Abiotic Stresses: 
What are the Problems and How can We Solve Them? 
H.A. van Rheenen', N.P. Saxenal , K.B. Singh1, 
s.c. Sethjl, and J.A. Acosta-Gallegos3 
Abstract 
Chickpea has a number of potential abiotic stress problems that can individually or jointly cause 
severe yield losses and contrihute to yield instahility. Some prohlems, such as drought can be 
solved hy cultural practices, hut others,for instance high temperature, cannot. The importance, 
screening techniques and present status in resistance hreeding of these two stress factors and of 
low temperature, and salinity are evaluated and further solutions to the prohlems are proposed. 
Selection du pois chiche pour III resistllnce iI des contrllintes IIbiotiques-Quels sont les 
problemes et comment fllut-iJ les resoudre! : Le pois chiche subit un certain nombre de 
problemes potentiels dus a des contraintes abiotiques qui peuvent individuellement ou con-
jointement causer de graves pertes de rendement et contribuer a l'instabilite des rendements. 
Certains problemes, comme la secheresse, peuvent etre resolus par des pratiques culturales, 
alors que d 'autres, par exemple les fortes temperatures, ne peuvent pas 12tre. L'importance, les 
techniques de criblage et Ie bilan actue! de la selection pour la resistance a ces deux facteurs de 
contraintes, ainsi qu lWX [aibles temperatures et a la salinite, sont evalues et de nouvelles 
solutions aces problemes sont proposees. 
The importance of abiotic factors having an adverse 
effect on chickpea, varies from place to place. In Table 
I we generalize the importance of abiotic stress factors 
in the major geographic chickpea production belts of 
the world (lCR lSA T 1989, unpublished). 
principle, be taken care of by agronomic practices, but 
temperature extremes and rainfall and humidity are 
nonnally beyond our control. 
Some of the abiotic stress factors can, at least in 
Here we discuss the latest developments in breeding 
for resistance against abiotic stresses, dealing first with 
high and low temperatures, factors that give little scope 
I. Principal Plant Breeder (Chickpea). Senior Crop Physiologist. and Plant Breeder. Legumes Program. International Crops Research 
Institute for the Semi-Arid Tropics (ICRISAT). Patancheru, Andhra Pradesh 502 324. India. 
2. Principal Chickpea Breeder (ICRISAT). Food Legume Improvement Program. International Center for Agricultural Research in the Dry 
Area~ (ICARDA). P.O. Box 5466. Aleppo. Syria. 
3. Food Legume National Expert. Instituto Nacional de Investigaciones Forestales y Agropccuarias (INIFAP). A.P. 20, Pabellon, AGS 
20660. Mexico. 
ICRISAT Conference Paper no. CP 565. 
Citation: ICRISAT (InlCrnational Crops Research Institute for the Semi-Arid Tropics). "1990. Chickpea in the Nineties: proceedings of the 
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Table l. Abiotic stress factors ranked according to 
importance. 
Zone (latitude) 
IVI 
Abiotic II III (30° -45°) 
stress factor (0°-20°) (20°-25°) (25°-300 ) W S 
Drought I 1 I 
High temperature 2 2 4 2 
Low temperature 
-
3 J 
High moisture 4 5 2 
Soil toxicities 3 3 2 
I. W = Winter lown, S = Spring sown. 
for alleviation by cultural practices. Then we discuss 
drought and soil toxicity. with particular reference to 
salinity. 
Abiotic Stresses where Cultural Practices 
have little Effect 
High Temperature 
Although chickpea is referred to as a cool season, sub-
tropical legume (Smithson et al. 1985; Summerfield 
1988), a large proportion of its production falls outside 
the sub-tropics, where at least during part of the grow-
ing season the weather is often far from cool. Van der 
Maesen (1972) observed that optimal growth and 
development of chickpea took place under temperature 
ranges 15°-21 0 to 23°-29OC. Temperatures above 29<'C 
were harmful especially during flowering and podding. 
He further showed mean monthly maximum and mini-
mum temperatures for 11 locations in several major 
chickpea producing countries. It appeared that the 
maxima often exceeded 300C. Saxena (1984) gave 
temperature data for Khartoum, Sudan (15° 36'N) 
represented by zone I in Table 1. When flowering 
starts, the maximum/minimum temperatures at 
Khartoum are 30"-33°/l4°-16°C and increase progres-
sively thereafter. 
The dramatic reduction in yield. observed by Sum-
merfield et a!. (1984) when plants were exposed after 
flower initiation to a diurnal temperature regime of 35"-
1O"C as compared with that of 30"-1O"C demonstrates 
how sensitive chickpea is to temperature increases 
beyond 300c. This was confirmed by B. Baldev (per-
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sonal communication), who noted that, at Delhi, a IOC 
increase over the normal temperature during the pod-
ding stage caused a seed loss of 0.15 t ha-
'
. Van Rheenen 
and Miranda (1986) recorded significant temperature 
effects on the growth and yield of Cicer plants grown 
in pots. Similarly in a field experiment, where white 
cotton cloth was used to cover the inter-row space, and 
temperatures were reduced by as much as 2.5"C at 10 
cm soil depth, yield increased by 14%. Genotypic 
differences were noted (ICRISAT 1988 Annual Report 
1987 pp. 140-141). Saxena et a1. ( 1988a) observed that 
cool-season food legumes often suffer from heat and 
drought stress and they confirmed the need to investi-
gate the scope for reliable heat stress tolerance screening 
in cool-season food legumes. 
ICRISAT's Pulse Physiology Unit (Saxena and 
Sheldrake 1978; Saxena and Krishnamurthy 1979) 
compared 32 genotypes, sown at the normal (cool) time 
in October and during the hot months of January to 
March in 1977-1979 and noted significant interactions 
between varieties and sowing dates for Net Assimila-
tion Rate and Relative Growth Rate. Crop growth 
observations during the hot off-season period from 
June to September 1987 at Coimbatore and Bhavanisa-
gar, India, and from January to March 1989 at ICRI-
SA T Center suggest there is scope for screening against 
hot conditions at these locations. 
Temperatures in excess of the optimal are quite 
common in chickpea growing areas, they can adversely 
affect crop yield. and are responded to differentially by 
different genotypes. However, no effective screening 
technique has yet been developed and no special breed-
ing program for heat resistance is being conducted al 
present. The authors support suggestions by Summer-
field et al. (1984), and Baldev (unpubl ished report 
1987) that breeding for resistance to heat is important 
and needs urgent attention. Screening is possible in 
controlled environments, and also in off-season nurser-
ies as mentioned earlier. 
Low Temperature 
Optimal temperatures for the germination of chickpea 
range from 15° to 35"C (van der Maesen 1972). Covell 
et a1. ( 1986) however found the base temperature to be 
O"C. For normal sowing times in the main chickpea 
producing areas the prevailing temperatures are satis-
factory for germination and crop establishment. Soil 
temperatures do not remain below the optimal mini-
mum range of ISO-21"C for long periods. In areas of 
higher latitude, for instance in the Indian states of 
Haryana and Punjab, the temperatures decrease after 
sowing to minima below SOC, causing flower abortion 
(Saxena J 980); abortion does not occur when tempera-
tures rise later. In 1980/81 at ICRISA T Cooperative 
Research Station at Hisar a few plants were detected in 
F l segregating populations of the crosses G J 30 x (K 
1189 x Chaffa) and Pant G- J 15 x (K 1189 x Chaffa), 
that showed pod formation at low temperatures and 
were thus chi IIing resistant (Buddenhagen and Richards 
1988). By further breeding and selection it is expected 
to obtain a plant type that, under northern Indian and 
similar conditions, not only is able to form pods at low 
temperature, but will also mature before foliar diseases 
and pod borers cause major problems. The plants will 
grow less prolifically and therefore will not lodge as 
normal types often do under good growing conditions 
(Saxena et al. 1988b). 
In West Asia and the Mediterranean region chick-
peas are traditionally grown as a summer crop. How-
ever, insufficient water often results in poor yields. 
Winter-sown crops face two major problems, namely 
ascochyta blight disease and temperatures below O"C, 
but water availability favors winter-sown rather than 
spring-sown chickpeas. The first attempt to screen 
chickpea germplasm for resistance to temperatures 
below O"C, called freezing resistance by Buddenhagen 
and Richards ( 1988), was made by ICARDA during the 
1 978n9 season in Syria and Lebanon, where 3000 lines 
were grown, but failed to show the desired differences 
(Singh et al. 1984). A second effort. to evaluate over 
3000 lines in cooperation with the Turkish National 
Program at Hymana during 1979/80, was successful in 
that some freezing resistant entries could be selected 
(Singh et al. 1981). The third attempt was more 
successful because of improvements in the screening 
technique. The sowing date had been advanced to 
October to enable the crop to grow into the late vegeta-
tive stage before the onset of the severe winter: suscep-
tible controls were grown at frequent intervals and only 
after they had died was the resistance scored on a 1-9 
scale. Using this technique 3276 germplasm acces-
sions and breeding lines were screened and 21 were 
identified as freezing resistant. Inheritance studies 
showed that the resistance character was dominant, and 
that it was controlled by at least five genes with both 
additive and non-additive effects and high heritability 
estimates. In the breeding program segregating popu-
lations and progenies are sown in early November, in 
advance of the recommended December sowing, and 
plants or lines that suffer cold injury are rejected. This 
procedure has resulted in the selection and release of 
freezing resmtant cultivars for the Mediterranean re-
gion (Singh et aL 1989). 
Abiotic Stresses where Cultural Practices 
can be EtTective 
Drought 
The major abiotic stress factor of chickpea worldwide 
is drought (Table I). Although irrigation can alleviate 
drought stress. and under conditions of lower latitudes 
can double yields (Saxena 1987b), irrigation water is 
often not available. Two breeding approaches can 
reduce the problem of drought. One has been to breed 
for short-duration varieties thai can escape the prob-
lem: the other to breed and select genuinely drought -
resistant plants. A good example of the short-duration 
approach is the development of the kabuli cultivar 
ICCV2(KumaretaL 1985). Further breeding work has 
resulted in the development of similardesi lines such as 
ICCV 88201 and ICCV 88202. 
The screening technique followed is simple. The 
plants that flower earliest, for instance in 28-30 days at 
ICRISA T Center, are tagged, and their progenies are 
further tested. 
For drought-resistance breeding a scheme is fol-
lowed that is called Diversified Bulk Population Breed-
ing after van Rheenenand Muigai (1984). It was started 
at ICRISAT Center in 1985/86,the parents used for the 
first crosses being Annigeri (adapted),ICC 4958 = GW 
5n <drought resistant), and ICC 12237 (wilt and root 
rot resistant) (lCRISAT 1986), ICC 4958 was identi-
fied as drought resistant in 1984/85 (Saxena 1 987b). 
The program is in progress and the F~ populations are 
planned to be grown in 1989190. 
The drought resistance breeding referred to here 
deals mainly with '''rminal drought. Earlier work was 
initiated to identify genotypes capable of germinating 
under low moisture conditions (Saxena 1987b), but 
field validation was not possible because of persistent 
rains. Facilities are now available for field validation 
during 1989190. 
Soil Toxicity • Salinity 
Reclamation of saline land is possible but costly. Leg-
umes in genera. and chickpea and lenti I in particular are 
sensitive to salinity (Chandra 1980). 
Although genotypic differences in salinity resis-
tance have been observed in chickpea (Chandra 1980), 
the extent and use of these differences have been and 
are still being disputed. Saxena ( 1 987a) proposed the 
screening of large numbers of genotypes for salinity 
resistance, and described field and greenhouse meth-
ods for this purpose. However, Johansen (1987) sug-
241 
gested that mechanistic differences be identified as 
both the cultivated chickpea and its wild relatives show 
a limited range of variation for salt resistance. In 
several crop species salt resistance has been used suc-
cessfully in improvement programs, and efforts for 
further improvement are continuing. Blum (1988) 
gives examples of salt resistance in tomato, pearl 
millet, barley, and other crops. 
Chickpeas are affected by salinity levels of 3 mmhos 
cm· l , and total yield losses occur at EC values ~ 5 mmhos 
cm· l • 
No salinity resistance breeding program for chick-
pea is being conducted at present, and it was also not 
considered to be of high priority (Frey unpublished 
report 1988). Only some large-scale screening of y-
irradiated material is being done at Hisar in fields 
affected by salinity. We are interested in the use of 
tissue culture methods. where cell suspensions in salt 
solutions are used to select salt-resistant cells for the 
production of calli and the regeneration of plants that 
show salinity resistance (van Rheenen et al. 1988; 
Tissue Culture for Crops Project 1987). 
Discussion 
Chickpea is sensitive to a number of abiotic stress 
factors that cause severe yield losses. and contribute to 
yield instability. We expect that high temperature often 
in association with drought plays a key role in major 
chickpea production areas. Salinity areas are usually 
avoided for chickpea production; and low tempera-
tures, in the present agricultural systems, likely pose no 
major problem to stability and high yield. However, 
where winter sowing is adopted in the Mediterranean 
region, freezing resistance is most important. 
It is likely that biotic and abiotic factors, rather than 
YIeld potential. have caused low yield and production 
records for chickpea. Deliberate breeding for resis-
tance is recommended but simple and reliable tech-
niques need to be developed or perfected for resistance 
screening for high temperature and drought. possibly 
by using environments. where these stresses occur 
naturally. The techniques currently available for low 
temperature resistance screening seem to be adequate. 
Major contributions to chickpea improvement would 
result from the development of stress-resistant varie-
ties. 
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Breeding Chickpea for New Applications 
K.B. Singh I, N.P. Saxena2, Onkar Singh2, F. Saccardul, 
N. ACikgor, and E.J. Knights! 
Abstract 
World chickpea (Cicer arietinum L.J production has increased only marginally in the past 30 
years. The main reason is inadequate support for research on this crop. There is evidence that 
application of recent research findings could result in substantially increased global chiclepea 
production. Adoption of winter chickpea technology. as developed and demonstrated at 
ICARDA. alone can increase chickpea production in the Mediterranean region. Likewise, an 
advance in sowing dates in the southern latitude regions of India and Ethiopia is expected to 
produce significantly higher yields compared to traditional chickpea cropping. 
Fallow replacement by chickpea in the fallow-cereal rotation of Turkey' s Anatolian Plateau 
has resulted in a several-fold increase in production. Similar fallow replacement by chiclepea in 
Afghanistan. Iran, Iraq, and Syria, has great potential. Chiclepea can be introduced into new 
areas and expand rapidly as has been demonstrated in Australia. 
Possibilities are being explored to develop genotypes that would flower and set pods at low 
temperature and mature during early March in latitudes between 25" and 3OON, and thereby 
prevent losses due to foliar diseases which periodically devastate the crop. The extra-short 
duration genotypes developed at leRISAT have shown promise in late sowing following rice. 
cotton. and coarse cereals. The feasibility of developing chickpea genotypes for high-input 
agriculture, and as callie feed has been discussed. as well as the possibility for full-scale 
mechanization of operations. 
Resume 
selection du pois chiche pour de nouvelles applications: Dans les trente dernicres anntes, la 
production mondiaJe du pois chiche (Cicer arietinum L.) n ~ augmentee que tres legerement. 
La raison principale en est I1nsuffisance de soutien en matiere de recherche sur cette culture. 
On a constate que l~ppJication des resultats de recherche recents pourrait amener une 
augmentation considerable de la production globale du pois chiche. L ~doption de la techno-
logie de l'hiver pour Ie pois chiche, mise au point et demontree A 17CARDA, pourrait A elle 
seule ameliorer Ia production dans la region mediterraneenne. De mame I~vancement des 
dates de semis dans les regions de latitude Sud de I7nde et de l'Ethiopie devrait produire des 
rendements considerablement eleves par rapport a la culture traditionnelle de pois chiche. 
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LA remplseemeDt de lajachere PM Ie pois chiche des Ie cadre de la rotationjachere-ddale 
pratiquee sur Ie Plateau d'An .. tolie de la Turquie a rendu possible une augmentation multiple 
de la production. Un tel remplseement de la jachere par Ie pois chiche peut se reveler tres 
prometteur en Afghanistan, en Iran, en Irak, et en Syrie. Le pois chiche peut aussi ~tre 
introduit d .. ns de nouvelles regions et se repedre rapidement comme jJ a ete demontre en 
Australie. 
On etudie les possibilites en vue de mettre au point des genotypes qui atteindraient la 
floraison et la formation des gousses B des temperatures basses, et la maturation pendant 
debut mars, B des latitudes entre 25° et 30° N. 0:1 .. permettrait d'eviter les penes dues aux 
mB1sdies foliaires qui causent les degAu periodiquement sur les cultures. Les genotypes A cycle 
tri:s court mis au point A I TeRISA T se sont dv6les prometteurs en semis tardif suivant Ie riz, Ie 
coton, et les c6dales secondaires. La pouibiJjte de realiser des genotypes de pois chiche pour 
/'qriculture A niveau eJev6 d~ntrants et pour /'utili,ation comme aliments de betail, ainsi que 
la possjbilite de la mecanisation complete des operations, sont examinees. 
Chickpea (Cicer arietinum L.) ranks third in world 
production among pulses. fifth among food legumes. 
and fifteenth among grain crops. It is the most drought-
tolerant cool-season legume. and hence fits well into 
many farming systems. Chickpea production has in-
creased, but only marginally. in the last three decades, 
and its per caput availability has decreased, primarily 
due to the lack of adequate research. The research 
efforts have not yet resulted in the development of 
input-responsive cultivars for mechanized cultivation. 
cultivars with stable yields in the existing systems of 
production, and types that fit into new. non-traditional 
systems of cropping. If the crop is to remain as an 
importanr food legume. our research efforts need to be 
substantially increased for both tradirional and new 
cropping systems. Some important applications are 
discussed in this paper. 
Winter Sowing of Chickpea for the Medi-
terranean Region 
Chickpea is grown as a springsown crop in the Mediter-
ranean region. where other cool-season edible leg-
umes, such as faba bean (Vida [aba L.), lentil (Lens 
culinaris L.) and pea (Pisum sativum L.), are grown as 
wintersown crops. Research at ICARDA has shown 
that chickpea can be successfully grown as a winter-
sown crop, provided ascochyta blight resistant and cold 
tolerant genotypes are made available (Singh and Hawtin 
1919). Prospects for and constraints to winter sowing 
of chickpea in the Mediterranean region were dis-
cussed in depth at a worluhop in 1981 (Saxena and 
Singh 1984). The historical development of winter-
sown chick.pea at ICARDA (Singh and Malhotra 1984) 
246 
and the present status (Singh 1988) are well docu-
mented. 
Varieties with promise in adaptation to winter sow-
ing have been developed at ICARDA and supplied to 
the national agricultural research systems through an 
international testing program. The yield advantage of 
wintersown over springsown chickpea has been dem-
onstrated in all countries of the Mediterranean basin. 
from North Africa through West Asia to Southern 
Europe. This resulted in the release of 22 cultivars in 
10 countries: Algeria. Cyprus. France. Italy. Morocco. 
Portugal. Spain. Syria. Tunisia. and Turkey. 
Some major advantages of wintersown chickpea are: 
I. Yield is 50-100% higher than that from spring 
sowings. 
2. Greater water use efficiency enables the crop to be 
grown in drier areas. 
3. Biological nitrogen fixation is more than double 
that of springsown chickpea. 
4. Fusarium wilt is not a serious constraint. 
5. Production can be fully mechanized. 
Despite these advantages the adoption rate is slow 
because: extension programs are weak. seed and herbi-
cides are not available. cultural operations i.e .• sowing 
and harvesting overlaps with cereal crops, and because 
of other socioeconomic implications. 
ICARDA economists estimate that the net profit 
from winter sowings exceeds spring sowings by 50%. 
A conservative estimate is that farm yields will be 
increased by 0.5 t ha-' if winter sowing is adopted, this 
could result in 500 000 t of additional annual produc-
tion in the Mediterranean region. The yield increase 
obtained by advancing the sowing date from spring to 
winter is a major breakthrough resulting from food 
legumes research in the Mediterranean region. 
Breeding Chickpea for Adaptation to Early 
Sowing in Peninsular India 
Chickpea seed yield is directly proportional to the 
length of the crop's duration. Possibilities of increas-
ing the crop duration, and thus the seed yield by 
advancing its sowing date from mid-October to mid-
September, have been explored at ICRISAT Center 
(lC). 
Screening of germplasm and breeding lines for adap-
tation to early sowing showed that several genotypes of 
medium maturity, notably P 1329, P 1067-1, P 18 and 
P 4089-1, consistently out-yielded the control cultivar 
Annigeri at IC when sown in September (Singh et al. 
1983). The average yield from September sowings was 
25% more than for October sowings over 5 years. The 
interaction of sowing dates x genotypes was signifi-
cant in 3 of these years. The best breeding lines 
developed from crosses involving adapted parents 
produced 38% more yield than a control cultivar in 
1986/87 and 3 I % more in 1987/88, suggesting that 
breeding for adaptation to early sowing was effective. 
The experience at IC shows that although the early 
sowing results in better crop establishment, the crop 
runs the risk of water logging and damage by collar rot, 
and colletotrichum blight in the seedling stages. It also 
has to endure slightly higher temperatures. Hence, 
there is a need to incorporate resistance/tolerance to 
such stresses in adapted genotypes, and to explore the 
possibility of further increasing yield through agro-
nomic manipulations. 
Development of Chickpea as a Fallow Re-
placement on the Anatolian Plateau in 
Turkey 
Nearly 40% of the total cultivated area in Turkey can be 
characterized as semi-arid. Sixty per cent of it falls in 
central Anatolia. and the rest lies in southeastern Ana-
tolia, the North and West regions, where the elevation 
is 1000 m or more. Until the mid-1970s, the traditional 
farming practice in these regions was a fallow-cereal 
rotation that helps to conserve soil moisture. 
The first experiment of replacing fallow with food 
legumes in the fallow-cereaI rotation was conducted in 
the provinces of Corum and Cankiri. Results indicated 
that chickpea and lentil can be considered as fallow 
replacements in southeastern Anatolia, and chickpea, 
green lentil. and vetch in the rest of the fallow lands. 
Implementation of the first part of the 'Fallow Land 
Limitation Project' resulted in the replacement of 2500 
000 ha of fallow by cereals and legumes, thar induded 
136000 ha of chickpea. In the second part of the project 
( 1989-93), nearly 250 000 ha of faJ low land is expected 
to be sown to chickpea. 
Chickpea grown as a springsown crop suffers from 
two major problems: (1) damage from Ascochyta ra-
hiei; and, (2) terminal drought and heat stress. There-
fore, efforts are underway to breed genotypes with 
resistance to ascochyta blight and early maturity. The 
drought problem is being tackled by introducing win-
tersown chickpea. 
Conditions similar to those of Turkey are found in 
Afghanistan, Iran, Iraq. and Syria and fallow replace-
ment by chickpea has great scope here. 
Introducing Chickpea to the Farming 
System of Australia 
One of the most notable features of Australian agricul-
ture during the last two decades has been the introduc-
tion of a range of new, mostly non-cereal crops. This 
diversi fication, initially in response to wheat marketing 
difficulties, has been sustained by problems of soil 
nitrogen decline and cereal diseases. Chickpea has 
been one of the more recent of these 'new crops.' 
Commercial production of chickpea commenced in 
1979 and was based on the Indian desi cultivar C 235. 
The first major breeding advance was its replacement 
by a taller and more lodging-resistant, crossbred culti-
var, that was adapted to mechanical harvesting. The 
cultivar fitted in two distinct fanning systems: mixed 
winter/summer cropping in the summer dominant rain-
fall regions of Queensland and northern New South 
Wales, and winter cropping/pasture ley rotations in the 
Mediterranean-type environments of southern New 
South Wales, Victoria, and South Australia. In both 
systems chickpea is strictly a winter crop. sown from 
May to July and harvested from late October to Janu-
ary. depending on latitude and season. Although the 
cultivation is too young to have established rotations. 
some are now emerging as more reliable and profitable 
than others. A fundamental requirement of all rota-
tions, however, is the effective control of grass weeds 
and volunteer cereals. This maximizes the suppression 
of cereal diseases. In summer-dominant rainfall areas, 
chickpea often follows a summer cereal, usually sor-
ghum. 
The development of a significant chickpea industI)' 
(70000 ha in 1988) has revealed deficiencies in the 
imported cultivars, particularly in the more important 
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northern areas. Susceptibility to phytophthora root rot 
has been the most notable problem. Current chickpea 
cuItivars are also highly susceptible to the root lesion 
nematode (Pratylenchus thornei), a major wheat pa-
thogen in some districts. A third problem encountered 
in the northern areas is susceptibility to Helicoverpa. A 
general requirement is for tolerance to herbicides, both 
residual and applied. Therefore. to sustain and expand 
the chickpea industry in Australia more efforts are 
needed to breed disease, insect, and herbicide resistant 
cuItivars. 
Breeding Extra-short Duration Chickpeas 
as Catch Crops 
Extra-short duration desi (ICCY 88201, ICCY 88202) 
and kabuli cuItivars (lCCY 2) which mature in about 
75-80 days have been developed at Ie. Preliminary 
reports from tests in India, Myanmar, Nepal, and 
Bangladesh indicate that these genotypes may escape 
terminal drought and heat stress. Such genotypes may 
be suitable for rotation with rice and other summer 
crops and thus have potential as catch crops in various 
situations and cropping systems. 
Development of Chickpea Suited for Late 
Sowing 
Good potential exists for introducing chickpea into 
new areas and cropping systems, particularly in rota-
tion with cotton, maize, and several coarse cereals in 
the northern latitudes of the Indian subcontinent. The 
present-day cultivars, developed for sowing at the 
normal time, are poorly adapted to late sowing. Many 
research centers in this region, especially in India, have 
made progress in identifying genotypes adapted to late 
sowing. At the ICRISA T Cooperative Research Cen-
ter, Hisar, a number of germplasm lines has been 
screened for adaptation to late sowing. Several geno-
types have produced consistently better yields under 
latesown conditions. These genotypes have been crossed 
with sources of resistance to ascochyta blight, botrytis 
gray mold, stunt, and fusarium wilt to improve their 
disease resistance. These lines are currently under 
evaluation in Alllndia Coordinated Trials (ICRISA T 
1986. 1988). 
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Development of Chickpea Cultivars to Es-
cape Foliar Disease 
In India and Pakistan 4.3 I x l{)6habetween the latitudes 
25°N and 30"N are sown to chickpea. Climatic condi-
tions during spring in the region favor the development 
of such foliar diseases, as ascochyta blight and botrytis 
gray mold, that can cause total crop failure (As lam 
1984). Conventional cultivars grown in the region pass 
through a period of ineffective flowering during the 
cool winter months (Saxena and Sheldrake 1980). Pod 
setting begins with the onset of spring and an associated 
rise in minimum temperature (Saxena 1980) thus co-
inciding with the period of potential disease incidence, 
sometimes even in epidemic form. Genotypes have 
now been identified at ICRISA T that set pods in the 
cool winter months and mature in early spring (Saxena 
et al. 1989). Since their performance has been incon-
sistent and is influenced by weather conditions. it is 
necessary to further evaluate their merit in foliar disease 
management. 
Development of Chickpea Responsive to 
Inputs 
Studies at ICRISAT have shown that phosphorus (P) 
inefficient genotypes. bordering on genetic cripples. 
respond to P application. but their yields at the highest 
levels of such application do not exceed the yield of 
non-responsive cultivars grown without P fertilizer 
(Saxena et al. 1988). Studies at ICARDA. in collabo-
ration with the University of Hohenheim. Federal Re-
public of Germany. indicated genotypic differences in 
P utilization. Continuing research has been designed to 
select plants from segregating populations that are both 
efficient in P uptake and high yielding. These popu-
lations have been developed from crosses between 
lines efficient in P uptake, but low yielding. and lines 
inefficient in P uptake. but high yielding. 
In the relatively warm winter season of south Asia 
and the Nile Yalley. and in the spring in West Asia 
irrigation can produce large increases in yield. How-
ever, due to lodging or differential genotypic response, 
application of water does not always result in substantial 
increases in yield. Scientists at IC have identified 
lodging resistant lines and at ICARDA lines have been 
identified that are highly responsive to irrigation. Studies 
have been planned on the genetics of response to 
irrigation, a characteristic that has not previously been 
investigated. There are also plans to develop irrigation-
responsive. high-yielding, non-lodging genotypes 
through hybridization. 
Development of Chickpea as a Cattle Feed 
One ofthe major uses of chickpea before World War II 
was as cattle feed. Chickpea was considered a good 
muscle builder in horses and draft cattle, and for milk 
production in cows and buffaloes. The use of chickpea 
as a cattle feed has dwindled, mainly because it costs 
more than cereals. In most developing countries where 
chickpea is grown, emphasis is on the production of 
cereals to feed the human population rather than on 
production of legumes to support livestock and milk 
production industries. Mexico is an exception. Here 
desi chickpeas, called garbanzo porquero, are pro-
duced to feed pigs. 
It is uncertain whether chickpea will regain its posi-
tion as a major cattle feed on the Indian subcontinent 
because of its high price, but the prospects seem good 
in Mediterranean Europe and Turkey. Chickpea, with 
20% protein, 6.5% lipids, 4.3% raw fiber, and 50% 
starch, can be a partial substitute for soybean meal in 
livestock feed. Before chickpea is accepted as a cattle 
feed in these areas, more research will be required. 
First, trials need to determine whether both desi and 
kabuli types can be used as a cattle feed. Second, 
experiments comparing the nutritive value of chickpea 
with that of other commonly used legumes such as 
soybean, faba bean, pea, and lupins are required. Third, 
cultivars and a package of practices specifically for 
chickpea production as a cattle feed have to be devel-
oped. Therefore. it is advocated that more research in 
this field be conducted. 
Mechanization of Operations 
In most parts of the world, operations such as sowing, 
weeding, harvesting, and threshing are performed 
manually. Rising labour costs, especially in the Medi-
terranean region and Latin America, have forced re-
sourceful farmers with no family laborto replace chick-
pea with crops suitable for mechanization. At IC-
ARDA, research on the mechanization of chickpea 
production has been initiated. Springsown chickpea 
generally attains a height of25-35 cm which is too low 
for machine hRPIesting. By bringing forward the sow-
ing date from spring to winter, the height of the plant 
has been increased to 40-60 cm. Research is in progress 
to develop tall genotypes 40-50 cm high for spring 
sowing. It has been possible to modify a wheat com-
bine harvester to hRPIest wintersown chickpea in Syria. 
This technology has already been adopted by some 
farmers. Suitable herbicides have been identified that 
can be mechanically sprayed to control weeds. A com 
planter has been used successfully to sow large areas of 
chickpea. A wheat planter with modification in aper-
ture opening and adjustment in row spacing has been 
demonstrated to farmers in Syria. There is a need to 
popularize these findings. 
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Progress in Breeding Chickpeas in Arid Regions of the USSR 
K. Eshmirzaev1 
Abstract 
Chickpea. a drought resistant and high protein crop, has been known in Middle Asia since 
ancient times. 
Many foods prepared in Uzhekistan have chickpea grain as a component. Under dryland 
conditions where cultivation of other legumes is limited, chickpea is a valuahle crop after 
fallow. 
Ohservations over many years have shown that simultaneous emasculation and pollination 
increa ... ed the pod setting percentage, and pollination without emasculation was more effective 
compared with pollination after emasculation. Also, chickpea pollen had a relatively long 
viahility when stored at relative humidity hetween 20 and 40%. 
Studies in segregating generations showed that seed yield was positively correlated with 
numher of pods and seeds per plant and seed size, and negatively correlated with plant height. 
Several local varieties have heen developed hy mass selection. These varieties are variable 
in form. color. and size of the seed, and are of short stature. At Uzhek Grain Research 
Institute stature high-yielding varieties have heen developed and released. They include 
Azerhaijansky 583. Milutinsky 4. Milutinsky 6. and Uzhekistansky 8. The last of these is high 
yielding and tall. In 1982 a new variety. Yulduz. was developed for Uzbekistan. It yields 1.2-
1.5 t ha', is 53-58 em tall. and matures in 85-94 days. It also has a high protein content 
(3 1.6%). However. it is not resistant 10 ascochyta hlight. 
A new variety. Zornukhat. has heen developed and is undergoing state varietal testing. This 
variety produces high yields (2-2.7 thai) under dryland and irrigated conditions. 
Resume 
Pro6res d~ I. silection du pois chiche d.ns les re6ions .rides d~ IVRSS : Le pois chiche, 
culture resistante a la secheresse et a haute teneur en proteines, est connu en Moyenne-Asie 
depuis I 'an tiquite. 
Bien des aliments prepares en Uzbekistan comportent les grains de pois chiche comme 
element. Dans les conditions pluviales OU la culture des autres legumineuses est restreinte, Ie 
pois chiche est une culture de valeur apres la jachere. 
Des observations faites pendant de nombreuses annees ont montreque I 'operation simulta-
nee de la castration et de la poiJinisation augmente Ie pourcentage de formation des gousses, 
alors que la poJiinisation sans la castration etait plus cfficace que la poJiinisation apres la 
castration. Par aiJieurs, Ie poJien du pois chiche manifestait une viabiJjte re/ativement longue 
lorsqu Yl etait conserve A une humidite relative entre 20 et 40%. 
us etudes de generations segregantes montrent que Ie rendement en graines presentait une 
correlation positive avec Ie nombre de gousses et de graines par plante et les dimensions des 
graines, mais une correlation negative avec la hauteur de la plante. 
I. Director. Research Institute of Grains and Pulses. Samarltand. Republic of Uzbekistan. USSR. 
Cltatloa: ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). J990. Chickpea in the Nineties: proceedings of the 
Second International Workshop on Chickpea Improvement. 4-8 Dec 1989. ICRISAT Center. India. Patancheru. A.P. 502 324. India: 
ICRISAT. 
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Plusieurs vsrietes locales ont ete developpks par la selection massale. Ces vsrietes sont 
courtes et sont variables en forme, en couJeur et en dimensions de graines. A I 'Institut d'U zbek 
de recherches sur les grains, les vsrietes A haut rendement ont ete developpks et vulgsrisees. 
EJ/es comprennent : Azerbaijansky 583, Milutinsky 4, Milutinsky 6 et Uzbekistansky 8. La 
derniere est une variete grande et A haut rendement. En 1982, une nouvelle variete, YuJduz, a 
ete mise au point pour I 'Uzbekistan. EJ/edonne un rendement de 1,2 A 1,5 t ha- I; sa hauteur est 
de 53 A 58 cm, et e1le parvient A maturite en 85 A 94 jours. EJ/e a aussi une forte teneur en 
proteines (31,6%). Toutefois, elie n~st pas resistante Ala l1etrissure ascochytique. 
Une nouvelle variete, Zornukhat, a ete mise au point et subit des essais varietaux d'etat. 
Cette vsriete presente des rendements e/eves (2 A 2,7 t ha- I) dans des conditions pluviales et 
irriguees. 
Chickpea is a drought-resistant and protein-rich crop. 
that has been known in the East including Middle Asia. 
since ancient times. Many foods prepared in the 
Middle East (including Uzbekistan) have chickpea 
grain as a component. Furthermore. under the dryland 
conditions of Middle Asia. where cultivation of other 
legumes is limited by high temperatures and drought. 
chickpea is a valuable crop grown after fallow. 
Because statistics on chickpea area and production 
are incorporated with those of other legumes. there are 
no exact data available for this crop alone. 
Since ancient times. several valuable local varieties 
of chickpea have been developed through mass selec-
tion in the Middle Asian Republics of Kazakhstan. 
Uzbekistan. Tadzhikistan. Turkmenia. and the Tran-
scaucasian republics of Georgia. Armenia. and Azer-
baidjan. These varieties are variable in seed form. 
color. and size. and other economic traits. but are short 
and adapted only to manual harvesting. 
Early breeding programs carried out at the Uzbek 
Grain Research Institute. have resulted in the develop-
ment of high-performing varieties. predominantly of 
relatively short stature. They are Azerbaijansky 583. 
Milutinsky 4 and Milutinsky 6. Over 3000 gennplasm 
samples from the Vavilov Institute's collection in 
Leningrad were used as initial material. The research 
has shown that the most promising accessions suitable 
to the dryland conditions of Uzbekistan belong to the 
Iraqi. Spanish. Afghan, and South European ecological 
groups. 
Aowering of chickpea in Uzbekistan coincides with 
the onset of low-moisture conditions in soil and atmos-
phere that limit the total flowering duration. Therefore, 
it was necessary to develop crossing techniques to 
make the maximum number of crosses in the relatively 
short flowering period. 
To increase the pod-setting percentage in crosses 
among different ecological groups the following fac-
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tors were studied; the time. emasculation and pollina-
tion methods. and storage life of the pollen. 
Observations over many years have shown that high 
efficiency of crossing and seed selling is achieved 
when emasculation and pollination are carried out 
simultaneously. Moreover, seed selling percentage 
may increase (up to 52%) when the flowers are polli-
nated without emasculation. 
Studies were conducted to determine the most ap-
propriate time and methods for storage of chickpea 
pollen and its germination to prolong the crossing 
period. These factors are important especially when 
flowering in different parents does not coincide. 
Chickpea pollen was found to have relatively long 
viability when stored at a relative humidity of 20-40%. 
This may be the reason why rains during the flowering 
period lead to low seed selling. 
Analysis of chickpea hybrids and their segregating 
generations made it possible to determine the extent of 
variability and correlations between basic quantitative 
traits inherited in the first and second generations. The 
criterion of early maturity in chickpeas under dryland 
conditions is the number of days from seedling emer-
gence to flowering. This trait correlates positively with 
the total vegetation period (r=O.39-0.65) and the length 
of the main stem (r=O.31 - 0.52). Chickpea yield is 
determined by the number of seeds per plant (r=O.36 -
0.45). 
The length of the main stem is negatively correlated 
with productivity which makes it difficult to obtain tall. 
productive varieties. 
Crossing of forms differing in the duration of seed-
ling emergence to flowering showed the dominance of 
early flowering in F, plants. The degree of dominance, 
depending on the combination, was 0.4 - 2.0. Early 
generation selection for this trait appears efficient. 
In the early 1950s, plant breeders at the Uzbek Grain 
Research Institute began practicing intervarietal single 
and multiple crosses with subsequent repeated selec-
tion in the segregating generations. 
Parents were chosen with a view to improving sepa-
rate traits. The variety Uzbekistansky 8, developed at 
the Uzbek Grain Research Institute. was released in 
Azerbaijan in SSR in 1972. This variety was obtained 
by pollinating the sample k-427 from Syria with a 
pollen mixture. It had a relatively high productivity. 
tall habit. and a tree-like fonn. However. in Uzbekistan 
its yields were unstable. it shattered easily when over-
ripe, was crushed at combine harvesting because of 
seed roundness. and was inferior in quality to the 
released variety Milutinsky 6. 
To eliminate these shortcomings. Uzbekistansky 8 
was further crossed with the collection sample k-821 
from Spain which was high yielding and had large 
wrinkled seeds with high protein content. From this 
complex hybrid population a new variety. Yulduz. was 
developed for dry land chickpea-producing areas in 
Uzbekistan in 1982. Under field conditions the yields 
were 1.2-1.5 t ha- ' and height ranged from 53-58 cm. 
Yulduz matures in 85-91 days and has a high protein 
content (31.6%). The new variety is tall. productive, 
relatively early maturing. drought- and heat-resistant, 
and is of good quality. However. in years of ascochyta 
epiphytotics, it is severely damaged by the disease. 
A new variety. Zomukhat. has been developed through 
complex crossing and is now undergoing state varietal 
testing. This variety. possessing all the traits of Yulduz, 
shows high performance not only under dryland but 
also under irrigated conditions. It yields 2.0-2.7 t ha-I 
under irrigation. 
To produce material resistant to ascochyta blight, 
varieties are tested under artificial inoculation. and the 
method of back-crossing local varieties with resistant 
samples is used. Of 1900 samples. 6 resistant ones were 
isolated i.e .. k.c)09, k-368 (Czechoslovakia), k-1226 
(Moldavia), k-I403 (VIR-32). and two others. These 
were used in reciprocal crosses with the regional vari-
ety Yulduz. The F2 populations ofBC) (k-909 x Yulduz) 
that were similar to Yulduz in such morphological traits 
as tall stature. productivity, large seed. and white seed 
color. but possessing moderate resistance to ascochyta 
blight (with scores of I to 3). were tested in a controlled 
nursery in 1989. 
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Session 6 
Main Items of Presentation and Discussion 
• Repeated intercrossing and recurrent selection may 
produce more frequent recombinations of desir-
able characters. 
• An increase of genetic variability by wide and 
diverse crossing, and by introgression of genes 
from wild species using embryo rescue and tis-
sue culture t~chniques will be useful for breeding 
programs. 
• An important aspect of chickpea breeding is the 
stabilization of yield. Major emphasis should 
therefore be placed on breeding for resistance to 
biotic and abiotic stress factors. 
• There is a need for more basic studies on the 
genetics of resistance to ascochyta blight, botrytis 
gray mold, fusarium wilt. and the major insect 
pests. 
• Research efforts should be strengthened to pro-
vide chickpea with characters suited to specific 
situations such as early and late sowing, high fer-
tility, and different cropping systems. 
• The large number of genes controlling economi-
cally important characters can be located using 
various types of genetic markers. Once genes 
are located, they can be transferred to otherwise 
acceptable backgrounds. 
• Due to chromosomal imbalance, aneuploids have 
not played a significant role in the diploid food 
legumes. They are probably not needed for gene 
mapping, bUI would be useful for assigning link-
age groups to chromosomes. 
• Tall genotypes maintained their yield better when 
sowing was delayed, and therefore may have ad-
vantage over bushy types under late-sown condi-
tons, even though at present the two types attain 
the same yield level when sown late. 
• Jensen's Diallel Selective Mating System and 
Brim and Cooper's recurrent selection approach 
have been used in chickpea breeding programs, 
but have yielded no worthwhile results, possibly 
due to interference by diseases. 
• Several characters have been described by chick-
pea physiologists as possibly useful for crop im-
provement; examples include, increased root vol-
ume for drought tolerance, variability in nodula-
tion, and cold tolerance to hasten crop develop-
ment for disease and pest escape. The increased 
root volume and cold tolerance are being consid-
ered for incorporation in breeding programs, but 
the variability in nodulation is not being used. 
• Major emphasis should be placed on breeding for 
resistance to biotic and abiotic stresses in order 
lO reduce the large gap between maximum ex-
perimental station yields and the world average. 
Recommendations 
• A major constraint to realization of yield poten-
tials of improved varieties is susceptibility to a 
wide range of fungal diseases, including fusar-
ium wilt, dry root rot, ascochyta blight, and bot-
rytis gray mold, and to several viral diseases. 
Resistance breeding should include as one of its 
components a definite effort to identify the genes 
responsible for resistance. 
• Estimates of genetic variances for gene expres-
sion in segregating populations should be made. 
• Genetic variation for resistance to environmental 
stresses needs to be identified, especially the ef-
fects of: low temperature on pod fonnation and 
seed setting, drought on yield, and freezing cold 
and extreme heat on chickpea growth and devel-
opment. 
• Gennplasm carrying known resistance genes needs 
to be better utilized. 
• Appropriate inoculation should be applied to en-
sure adequate nodulation. 
• Improved varieties should be appropriately tested 
to detennine actual genetic gains under conditions 
Iypical of the agroecological zone for which the 
malerial is intended. 
• Locations need to be identified where yield po-
tential can be accurately detennined and breed-
ing for yield conducted. 
• Where possible, dual-purpose selection should be 
practiced to obtain material that is suitable for 
cultivation in variable cropping systems, e.g., 
spring and winter sowing in the W ANA region. 
• A suitable breeding methodology needs to be 
adopted by breeders, and once this is done the 
program needs to ensure that the required charac-
teristics can be combined by appropriate selec-
tion of parents. 
• Population improvement can be facilitated by 
using male sterility, to allow a range of different 
breeding problems such as resistance to asco-
chyta blight and tolerance to cold, to be tackled. 
• Comparison of chickpea breeding schemes with 
schemes developed and found successful in other 
crops will be useful. These may include tech-
niques such as selective mating systems currently 
2SS 
used in soybeans, and intercrossing diverse elite 
material. 
• Cooperation and exchanges between programs in 
defined agroecological zones should be fostered 
and encouraged. These exchanges would include 
segregating material, with the possibility of se· 
quential screening at locations with comparative 
advantages for important disease, pest, or stress 
situations. 
• Multilocational testing is a cornerstone of crop 
breeding. Improving the quaJity of such testing, 
and an understanding of the components that 
characterize an environment are important for 
progress. The collection of data on weather and 
soil at test sites, in addition to appropriate crop 
data, will help explain variety responses. 
Session 6 
Prine.paus. themes de presentation et de discussion 
• Le croisement repete et la selection recurrente 
pourraient produire des recombinaisons plus 
frequentes des caracteres desirables. 
• L 'augmentation de la variabilite genetique par 
Ie croisement large et varle, ainsi que par I'in-
trogression de genes a partir d'especes sauvages 
a I'aide des techniques de sauvetage d 'embryons 
et de culture de tissus, sera utile pour des pro-
grammes de selection. 
• La stabilisation du rendement constitue un 
aspect important de la selection du pois chiche. 
Par consequent, un accent majeur doit etre 
place sur la selection pour la resistance aux 
facteurs de stress biotique et abiotique. 
• Des etudes plus fondamentales sont necessaires 
sur la genetique de la resistance a la fletrissure 
ascochytique, a la pourriture grise due a botry-
tis, au fletrissement fusarien, et aux insectes 
ravageurs importants. 
• Des travaux de recherche doivent etre renforces 
afin de pouvoir offrir, pour Ie pois chiche, des 
caracteres adaptes aux situations specifiques 
telles Ie semis precoce ou tardif, la fertilite ele-
vee, et des systemes de culture differents. 
• Le grand nombre de genes qui determinent des 
caracteres economiquement importants peuvent 
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~tre localises en utilisant les divers types de 
marqueurs genetiques. Une fois localises, les 
genes peuvent ~tre transferes dans les milieux 
autrement acceptables. 
• A cause du desequilibre chromosomale, les 
aneuploides n'ont pas joue de r61e significatif 
dans les legumineuses vivrieres diploIdes. lIs ne 
sont probablement pas necessaires pour la reali-
sation de cartes de genes, mais ils seront utiles 
pour I'affectation des groupes de linkage aux 
chromosomes. 
• Les genotypes grands ont mieux conserve leur 
rendement lorsque Ie semis etait retarde, et peu-
vent donc se reveler plus avantageux que Jes 
types buissonneux dans les conditions de semis 
tardifs, m~me si a present les deux types 
atteignent Ie meme niveau de rendement it semis 
tardif. 
• Le Systeme de Jensen de croisement diam~le 
selectif, ainsi que l'approche de selection recur-
rente de Brim et Cooper, ont ete utilises dans les 
programmes de selection de pois chiche, mais ils 
n 'ont donne aucun resultat utile, dfi peut-etre it 
I'interference par les maladies. 
• Plusieurs caracteres ont ete decrits par les phy-
siologistes de pois chiche comme eventuelJe-
ment utiles a I'amelioration de la culture. Ils 
sont, entre autres, Ie volume racinaire plus Heve 
pour la tolerance A la sccheresse, la variabilite 
de la nodulation, et la tolerance au froid pour 
accelerer la croissance de la culture afin 
d'echapper aux maladies et aux ravageurs. On 
envisage actuellement I'incorporation dans les 
programmes de selection, du volume racinaire 
eleve et de la tolerance au froid. La variabilite 
de la nodulation, par contre, n'est pas utilisee. 
• Un accent majeur doh etre mis sur la selection 
pour la resistance aux stress biotiques et abio-
tiques afin de rcduire I'tcart important entre les 
rendements maximales en station d'experimen-
tation et la moyenne mondiale. 
Reeommandations 
• Une des contraintes majeures a la realisation 
des potentiels de rendement des varietes ameli-
orees est la sensibilite a un event ail de maladies 
fongiques, y compris, Ie fletrissement fusarien, 
la pourriture seche des racines, la fletrissure 
ascochytique, la pourriture grise due A botrytis, 
ainsi que plusieurs maladies virales. La selec-
tion pour la resistance doit comprendre, comme 
une de ses composantes, un effort defini pour 
identifier les genes responsables pour la 
resistance. 
• II faut etablir des estimations des variances 
genetiques pour l'expression de genes dans les 
populations segregantes. 
• La variation genetique pour la resistance aux 
stress de I'environnement doit ~tre identifiee, en 
particulier les effets de : la temperature basse 
sur la formation des gousses et des graines, de la 
secheresse sur Ie rendement, et du froid glacial 
et de la chaleur extr~me sur la croissance et Ie 
developpement du pois chiche. 
• Les ressources genetiques comportant les genes 
de resistance connus doivent ~tre mieux utilisees. 
• L'inoculation appropriee doit etre appliquee 
afin d'assurer une nodulation adequate. 
• Les varietes ameliorees doivent etre essayees 
d'une f~on appropriee afin de determiner les 
gains genetiques reels dans des conditions typ-
iques A la zone agroecologique pour laquelle Ie 
materiel est destine. 
• II faut identifier des emplacements OU Ie poten-
tiel de rendement peut etre determine avec pre-
cision et OU la selection pour Ie rendement peut 
etre effectuee. 
• La selection A double fin doit etre pratiquee IA 
ou c'est possible afin d'obtenir du materiel qui 
est propice A la culture dans des systemes de 
culture variables, par exemple,le semis du prin-
temps et d 'hiver dans la region WAN A. 
• U ne methodologie de selection convenable doit 
~tre adoptee par les selectionneurs, et une fois 
achevee, Ie programme doit assurer que les 
caracteristiques requises peuvent ~tre combi-
nees par la selection appropriee des geniteurs. 
• L 'amelioration des populations peut ~tre facili-
tee en utilisant la sterilite mlle, afin de permet-
tre la solution d 'un eventail de problemes de 
selection differents tels la resistance A la fletris-
sure ascochytique et la tolerance au froid. 
• La comparaison des schemas de selection du 
pois chic he avec les schemas mis au point et 
reussis pour d'autres cultures serait utile. Ceux-
ci pourraient com prendre des techniques telles 
que les systemes de croisement selectif utilises 
actuellement pour Ie soja, ainsi que Ie croise-
ment du materiel elite varie. 
• La cooperation et les echanges entre les pro-
grammes dans des lones agroecologiques defi-
nies doivent ~tre favorises et encourages. Ces 
echanges comporteraient du materiel segregant, 
avec la possibilite de criblage sequentiel A des 
emplacements avec des avant ages comparatifs 
pour les situations importantes de maladies, de 
ravageurs ou de stress. 
• Les essais multilocaux forment la pierre angu-
laire de la selection des cultures. L'amelioration 
de la qualite de tels essais, ainsi que la connais-
sance des composantes qui caracterisent un 
environnement sont importantes pour Ie 
progreso La collection des donnees sur Ie climat 
et Ie sol A des sites d'essais, outre les donnees de 
culture appropriees, permettra d'expliquer les 
reponses varietales. 
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Recent Advances in Chickpea Improvement and 
Prospects for the Nineties: South Asia 
A.N. Asthana1, M.P. Bharati2, A.M. Haqqani3, 
K. Moe4, and M.M. Rahman! 
Abstract 
Breeding for disease resistance has received major attention. especially for wilt and ascochyta 
blight, followed by root rots, botrytis gray mold. and stunt. Stable resistance for pod borer 
(Helicoverpa annigera) and botrytis is yet to be found. but relatively tolerant types have been 
selected. 
Work has been done on the development of early maturing cultivars for double cropping and 
for early or late sowing to suit cropping patterns. The importance of irrigated chickpea has 
been realized lately. Work is in progress for developing disease resistant, bold seeded desi and 
kabuli types, erect tall and compact types, andfor incorporation of double-podded and multiseeded 
traits. These hold promise for the J990s. Significant progress has been made as follows: 
Bangladesh - Cultivar Nabin released. Screening undertaken for resistance to wilt, botrytis, 
root rot. and collar rot. Selections made for bold seed. late sowing. and high yield. 
Myanmar - Cultivar Yezin J released. Chickpea grown in dry central part of Myanmar; 
kabuli type ICCV 2 is promising. Screening undertaken for wilt. dry root rot. and pod borer. 
India - Eighteen cultivars released in J980s (including three kabulis). Some were resistant to 
wilt, ascochyta. and stunt. Promising lines tolerant to botrytis. stunt. ascochyta. and pod 
borer were selected. Cultivars were identified for early maturity, bold seed, and for late sowing 
conditions. Better plant types are being developed. 
Nepal - Cultivars Dhanush, Trishul. Radha. and Sita released. Lines resistant to wilt. and 
tolerant to botrytis and pod borer identified. Some high-yielding cultivars are in pre-release 
stage. 
Pakistan - Cultivars C 44 and CM 72 released. Several lines resistant to ascochyta 
selected. Races of A. rabiei being identified. Work on developing chickpea genotypes for 
rainfed, better managed, and rice-based cropping systems is in progress. 
Resume 
Recents progres de l'ameliondion du pois chiche et preJ'isions pour les IUInees 9O-Asie du 
Sud: La seJection pour Ja resistance aux maladies a suscite une grande attention, particu-
lierement en ce qui concerne Je fJetrissement et Ja fJetrissure ascochytique, suivis par Jes 
pourritures des racines, Ja pourriture grise due A botrytis et Je nanisme. On n 11 pas encore 
------.. _-_.---_. 
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Park Road, Islamabad, Pakistan. 
4. Plant Breeder, Food Legumes, Agricultural Research Institute, Yezin, Myanmar. 
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Cltalion: ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Chickpea in the Nineties: proceedings of the 
Second International Workshop on Chickpea Improvement, 4-8 Dec 1989, ICRISAT Center, India. Patancheru, A.P. 502 324, India: 
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trouve de resistance stable au foreur des gousses (Helicoverpa armigera) ni au botrytis, mais 
des types relativr:ment tolerants ont ete selectionnes. 
Des travawe ont ete effectues sur la mise au point de cultivars a maturite pr6coce destines a la 
culture double et aux semis p£koces ou tardifs selon les systemes de culture. L 'importance du 
pois chiche irrigue est mieux comprise aujourd'bui. Des travaux sont en COUTS pour devt:-
lopper des types 'desi' et 'kabuJj' a gros grains et resistants awe maladies, des types grands 
eriges et compacts. Ib portent egalement sur 1 'incorporation de carscteres de gousses doubles 
et grains multiples. Cela s'annonce bien pour les annees 90. Des progres significatifs ont ete 
effectues comme suit: 
Bangladesh-Cultivar Nabin vulgarise. Criblage realise pour la resistance au fletrissement, au 
botrytis, ala pourriture des racines et a la pourriture du coJJet. Des selections faites pour les 
gros grains, semis tardif et rendement eleve. 
Myanmar-Cultivar Yezin 1 vulgarise. Pois chiche cultive dans la partie centrale s«he du 
Myanmar; Ie type kabuli ICC V 2 est prometteur. Criblage entrepris pour Ie fletrissement, 18 
pourriture s«he des racines et Ie foreur des gousses. 
Inde-Dix-huit cultivars vuIgarises au COUTS des annees 80 (y compris trois kabulis). Certains 
resistaient au fletrissement, a la fletrissure ascochytique et au nsmsme. Des lignees compor-
tant une bonne tolerance au botrytis, au nanisme, ala fletrissure ascochytique et au foreur des 
gousses, ont ete selectionnees. Des cultivars ont ete identifies pour maturite precoce, gros 
grains et semis tsrdff. De meilJeuTS types de plantes sont en developpement. 
Nepal-Cultivars Dhsnush, Trishul, Radha ei. Sita vulgarises. Des lignees resistsntes au 
Iletrissement et tolerantes au botrytis et au foreur des gousses ont ete identifiees. Certains 
cultivars a haut rendement sont au stade de prevulgarisation. 
Pskistan-Cultivars C 44 et CM 72 vulgarises. PlusieuTS Jignees resistantes a la fletrissure 
ascochytique selectionnees. Des races de A. rabiei en voied'identification. Des trava ux sont en 
COUTS sur la mise au point de genotypes de pois chiche pour la culture pluviale, et pour systemes 
de culture ameliores a base du riz. 
Recent Advances in Chickpea Improvement and Prospects 
for the Nineties: the Mediterranean Region of Europe 
J.I. Cubero1 and M.-T. Moreno Cubero2 
Abstract 
The most significant advance in chickpea (Cicer arietinum L.) improvement so lar registered in 
the Mediterranean region 01 Europe relates to winter chickpea technology. This technology has 
been made possible by obtaining cultivars showing resistance to low temperature (to -5°C) and to 
ascochyta blight. Chickpeas sown in autumn profit from winter rainfall: their growth is 
vigorous, and they develop a height and plant strength never reached by spring-sown crops. 
Roots, stems. and branches are strong, and thus able to support many pods. Winter chickpea is 
also free from wilt so prevalent in western Mediterranean countries. 
Resistance to ascochyta blight and winter conditions is being introduced in traditional cultivars. 
As in western Mediterranean countries cook.ing quality is important and related to seed size. An 
important objective in chickpea breeding is to develop large-seeded cultivars incorporating all 
other characteristics necessary for winter cultivation. As spring sowings will not be eliminated 
from Mediterranean agriculture, another objective in breeding is to transfer resistance to 
fusarium wi/tto well-adapted, quality cultivars (usually landraces). Since most olthe donor 
parent lines are small-seeded, complete recovery of the required seed size is slow. 
Although there has been a significant decline in cultivated area and production in some 
Mediterranean countries there is scope for an increase in all of them. Factors causing decline 
are technical. such as low yield, lack. of resistance to fusarium wilt and ascochyta blight. and 
absence of mechanization. as well as political ones. such as inadequate institutional help for 
existing research teams. 
Research on new uses of chickpea is needed. as well as in traditional uses (jor example. lor 
animal feeding) which have been almost completely abandoned. The recovery to past impor-
tance also depends on a strong effort in extension to spread the new technology and the proper 
use of new cultivars. But perhaps the most important element for recovery is a change in the 
marketing system both for the commerical product and the seed of cultivars. 
Resume 
Recent5 pro,res de 1 •• Hor.tion du pois cbicbe et previsions pour Its .nnm !J(J-Re,ion 
mediterruHnne de 1'Ellrope: Le prOFS le plus significatif de l'amelioration du pois chiche 
(Cicer arietinum L.) qui ait ete enregistre jusqu 'ici dans la region mediterraneenne de 1 'Europe 
concerne la technologie du pois chiche d 'hiver. Cette technologie est rendue possible par 
1 -Obtention de cultivars manifestant de la resistance aux basses temptratures (jusqu ~ -SOC) et 
eli la fletrissure ascochytique. Les pois chiches semes en automne beneficient des pluies d'hiver; 
leur croissance est vigoureuse et les plantes atteignent une hauteur et une robustesse qui ne 
sont jamais reaiisees par les cultures semees au printemps. Les racines, tiges et branches sont 
I. Professor of Generics and Plant B~ng. Escuela Tecnica Superior de Ingenieros Agronomos. Depertmento de Genetic&, A.P. 3048, 
14080 Cordoba. Spain. 
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ICRISAT. 
263 
264 
fortes et peuvent ainsi supporter bien des gousses. Le pois chiche d 'hiver est egalement exempt 
de fletrissement qui est tres frequent dans les pays de l'ouest de la Mediterranee. 
La resistance A la fletrissure ascochytique et aux conditions d'hiver est en cours d'atre 
introduite dans les cultivars traditionnels. Dans les pays de l'ouest de la Mediterranee, la 
qualite de cuisson est importante et fonction de la tail1e des grains. Un objectif important de la 
selection du pois chicheconsiste donc A mettre au point des cultivars agros grains, incorporant 
toutes les autres caracteristiques necessaires pour la culture d'hiver. Comme les semis de 
printemps ne seront pas eJimines de 1 'agriculture mediterraneenne, un deuxieme objectif de la 
selection consiste a transferer la resistance au fletrissement fusarien a des cultivars de qualite et 
bien adaptes (generalement des varietes locales). Btant donne que la majeure partie des parents 
donneurs sont a petits grains, la reprise complete des dimensions voulues des grains est lente. 
Bien qu 'un dec/in significatif ait ete enregistre quant a la superficie cultivee et A la produc-
tion dans certains pays europeens, il semble possible de les accroitre dans tous. Les facteurs du 
dec/in sont techniques, comme un faible rendement, le manque de resistance au fletrissement 
fusarien et A la fletrissure ascochytique et l'absence de mecanisation, ainsi que politiques, 
comme Hnsuffisance de 1 'aide institutionnelle aux equipes de recherches existantes. 
Des recherches sur de nouveaux usages du pois chiche sont necessaires, ainsi que sur les 
usages traditionnels (par exemple, pour l'affouragement du betail) qui ont ete presque com-
pletement abandonnes. Le retour a Hmportance d'autrefois depend aussi de la vigueur d'un 
effort de vulgarisation pour diffuser la nouvel1e technologie et de 1 'usage correct de nouveaux 
cultivars. Mais peut-etre l'element le plus im"ortant de la reprise est un changement du 
systeme de commercialisation, tant pour le produit commercial que pour les semences de 
cultivars. 
Recent Advances in Chickpea Improvement and Prospects for 
the Nineties: Eastern Africa 
Geletu 8ejigal 
Abrl1Ylet 
Both the area under production and the production of chiclcpea (Cicer arietinum L.) have de-
clined in recent years in eastern Africa. To reverse this trend, national agricultural research 
systems have initiated research programs. 
The most important diseases of chickpea in the eastern African countries (Ethiopia, Kenya, 
Tanzania, Uganda, and Sudan), are fusarium wilt, dry root-rot, collar rot, and stunt. Ascochyta 
blight has only been reported from Ethiopia and Tanzania. Pod borer. cut worm. and bruchids 
are among the most important insect pests. 
Agronomic studies in Ethiopia have revealed that an advance in sowing date from mid-
September to late August/early September could substantially increase the seed yield. Optimum 
seed rates have also been established. Scientists from Sudan have worked out irrigation 
schedules for chiclcpea. An optimum seeding rate in Sudan is -60 kg ha-I and the recommended 
sowing date lies between the end of October and November. 
Early-maturing. desi-type chickpeas are required in Ethiopia. Kenya, Tanzania. and Uganda. 
Kabuli chickpea. with small to medium seed size and early maturity. has also good prospects in 
the region. particularly in Sudan and Ethiopia. 
Sources of resistance to some important diseases have been identified for use in the breeding 
program. At least four improved cultivars have been released in Ethiopia. and one each in 
Kenya and Sudan. Generally. prospects for increased chiclcpea production in the region are 
bright. However. there is a need for an Eastern Africa Regional Program with baclcillg from 
ICRISAT and ICARDA. supporting a strong research base by providing materials. trailling, and 
technical advice in order to help increase chickpea production in the region. 
Reaume 
Rkenu pro,,, de 1".Bontion du pois cIJicM et pd'f'isJolu pour lei ."".. 91-Alrlque 
orient./e: La superficie exploitee ainsi que la production de pois chiche (Cicer arietinum L.) 
ont tous les deux baisse depuis quelques annees en Afrique orientale. Pour rNresser la 
situation, les systemes nationaux de recherche agrico/e ont entrepris des programmes de 
recherches. 
Les maladies les plus graves du pois chiche dans les pays d 'Afrique orientale (Ethiopie, 
Kenya, Tanzanie, Ouganda et Soudan) sont Ie fletrissement fusmen, la pourriture seche des 
racines, la pourriture du collet et Ie nanisme. La fletrissure ascochytique n ~ ete signal&: qu ~n 
Ethiopie et en Tanzanie. Le foreur des gousses, Ie ver gris et les bruches sont parmi les insectes 
les plus dangereux. 
Des etudes agronomiques faites en Ethiopie ont revele que I ~vancement des dates de semis, 
de la mi-septembre jusqu'A fin aoOt/debut septembre, pourrait nettement ameliorer les 
rendements en grain. Us taux optimum de semis ont egalement ete determines. Des cher-
cheurs du Soudan ont elabore des plans d ~rrigation pour Ie pois chiche. Un taux optimum de 
I. Postdoctoral Fellow. International Center for Agricultural Research in the Dry Areas (ICARDA). P.O. Box 5466. Aleppo. Syria. 
Cltadoa: ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. OIickpea in the Nineties: proceedings of the 
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semis pour le Soudan est d'environ 60 kg ba-1 et la date de semis recommandk Be situe entre fin 
octobre et novembre. 
Des pois cbicbes du type 'desi~ A maturation precoce, font defaut en Ethiopie, au Kenya, en 
Tanzanie et en Ouganda. Le pois cbicbe pr6coce 'kabuli~ avec des grains petits ou moyens, a 
egalement de bons deboucbes dans cette region, psrticulierement au Soudan et en Etbiopie. 
Us sources de resistance A certaines maladies importantes ont ete identifiks pour l'usB.ge 
dans le programme de .eJection. Au moins quatre cultivars ameliom ont ete vulgarises en 
Etbiopie, et un au Kenya et au Soudan. D'une fafOn generale, lea poB6ibilites d'accroltre la 
production de pois chicbe dans cette region sont tres favorables. Toutd'ois, i1 serait utile 
d 'organiser un Programme regional pour 1 'Afrique orientale, avec l'appui de l'ICRISA T et de 
l'ICARDA, qui supporterait une base de recbercbe solide en fournissant du maten·el, de la 
formation et des conseils tecbniques afin d 'aider A accroftre la production de pois cbicbe dans 
cette region. 
Recent Advances in Chickpea Improvement and Prospects 
for the Nineties: Americas 
J.A. Acosta-Gallegos·, R.M. Gomez-Garza1, 
J.A. Morales-Gomez', and E. Andrade-Arias4 
Abstract 
In this region Mexico is the main chickpea producer followed by Chile, Colombia, Bolivia, and 
Argentina. Peru and the USA also devote small areas to chickpeas. 
In the USA, chic/cpea is a promising crop in eastern Washington and northern Idaho. But 
various diseases have been identified including ascochyta blight. rhizoctonia and fusarium root 
rots, botrytis, and viruses. In the breeding program in Washington, hybrid populations of 
chickpea are advanced by bulk progeny to Fj before selection is done. In the Fj or more ad-
vanced populations individual plants are selected for desirable phenotypic characteristics, which 
include earliness, plant height, podding habit and type, and an upright growth habit. 
In Colombia, the chickpea crop almost disappeared in the 1970s due to fusarium root rot. 
Lately, the Instituto Colombiano Agropecuario (ICA) , Brazil, Legume Breeding Program has 
been introducing segregating populations from ICARDA, as well as advanced material from 
Instituto de Investigaciones Agropecuarias (INIA) (Chile), Programa Colaborativo Andino 
(PROCANDINO) (Ecuador), and Instituto Nacional de Investigaciones Forestales Agricolas y 
Pecuarias (INIFAP) (Mexico). Non-adapted wilt resistant genotypes are being crossed to local 
susceptible cultivars. There is also a shortage of trained scientists working on the chickpea 
crop. 
In Mexico, chickpeas are produced in two distinct regions: the central plateau, where des; 
cultivars are grown under residual moisture, and the coastal northwest region, where kabuli 
cultivars are grown under irrigation and residual moisture. A common problem in these two 
regions is wilt/root rot. Drought is also a strong constraint on the central plateau. The lcabuli 
breeding program has been using desi lines as source! of resistance to wilt/root rot. The 
resistance is incorporated by the backcrossing of Fj - Fj resistant F2 derived families, selected in 
a wilt sick plot, to the large seeded parent (BCI) or to a different large seeded genotype (3-way 
cross). 
The same procedure or a combination of pedigree-bulk are being used to introduce erect 
upright habit from Russian sources into local large-seeded cultivars. 
Resume 
Rkmb pro"e. de I'MIIeHont/oD du poi6 chi. et preyBJoIIS pour Je. aDllees 9fJ-Le6 
Amhique.: Dans cette region. Ie Mexiqueest Ie principal producteurde pois chicbe. suivi par 
Ie Chili.la Colombie.la Bolivie et I 'Argentine. Le Perou et les Elata-Ums conSSCTent aussi de 
petites superficies au pois chicbe. 
I. Food Lesume National Expert, lnatituto NlCionaJ de Inve,tillCionea Fc:RIwes y Asropecuariu (INIFAP). A.P. 20. Pabellon. AOS. 
20660. Mexico. 
2. ReIearch Alli'tant. Food Lesume Prosram. A.P. 356. Culiacan. Sinaloa, Mexico. 
3. Research Alli'tant, Food Lelume Program. A.P. 1031. HermOlillo. Sonora. Mexico. 
4. Research Allistanl. Food Legume Program. A.P. 112. Celaya. 01'0. Mexico. 
Cltadoa: ICRISAT (International Crops Research In,litute for the Semi-Arid Tropics). 1990. OUckpea in the Nineties: pnx:ecdinas of the 
Second International Worbhop on Chickpea Improvemenl. 4-8 Dec 1989. ICRISAT Ccnler. India. Pat.mcheru. A.P. ~ 324. India: 
ICRISAT. 
267 
268 
Aux EtBl6-Uaia, Ie pois chiche est une culture qui promet dans l~st de 1 'Etat de Washington 
et Ie nord de lEtat d'ldaho. Toutefois, diverses maladies ont ete identifiks. y compris la 
fletris,ure lUCocbytique, la rbizoctonie et la pourriture fusarienne des racines, Ie botrytis et les 
viroses. Des Ie programme de selection de Washington, les populations hybrides de pois 
ChiCM sont multipJihl par dt:SCendances bulk pour donner la Fj avant de faire la selection. 
Dans II! Fj ou dans des populations suCCt:SSives, des pllUJtes individuelJes sont selectionnks 
pour des caracteristiques pbenotypiques desirables, dont la pr6cocite, la bauteur de la plante, 
Ie port et Ie type de formation des gousst:S et un port drr:sse de la plante. 
En Colombie, la culture de pois cbicbe a presque disparu au COUl'S des annks 70, en raison 
de la pourriture fusarienne des racines. R&:emment, Ie Programme de selection de legumi-
neuses de 17nstituto Colombiano Agropecuano (ICA) du Bresil, a introduit des populations 
segregantes de I'lCARDA, ainsi que du materiel a vance provenant de 17nstituto de Investiga-
ciones Agropecuarias (INIA) (Cbili), du Programa Colaborativo Andino (PROCANDINO) 
(Ecuador) et de l'lnstituto Nacional de Investigaciones Forestales Agricolas y Pecuarias 
(INIFAP) (Mexique). Des genotypes resistants au fletrissement et non adaptes sont en CoUTS 
d !tre croises avec des cultivars sensibles locaux. 11 y a aussi un manque de chercbeuTS qualifies 
qui puissent travailJer sur la culture du pois chicbe. 
Au Mexique, Ie pois cbicbe est produit dans deux regions distinctes : Ie plateau central, ou 
l'on exploite des cultivars 'desi'sous humidite residuelJe. et la region c6tiere nord-ouest. ou 
1 'on exploite des cultivars 'kabuli'sous irrigation et bumidite dsidudle. Un probleme commun 
dans ces deux regions est Ie fletrissement/pourriture des racines. La skberesse est egalement 
une severe contrainte sur Ie plateau central. Le programme de selection de kabuli utilise les 
Jignks desi comme sourr:es de resistance au Oetrissement/ pourriture des racines. La resistance 
est incorporee par retrocroisement de familles Fj-Fs derivees de la Fi resistante, selectionnees 
dans une parcelJe infectk de Oetrissement, au parent.i gros grains (BCI) ou .i un genotype 
different .i gros grains (bybride trois voies). 
La m~me proc&Jure ou une combinaison de pedigree-bulk sert .i introduire un port erige 
dresse .i partir des sourc:es russes dans des cultivars locaux .i gros grains. 
Recent Advances in Chickpea Improvement and Prospects 
for the Nineties: Australia 
EJ. Knightsl and R.B. Brinsmead2 
Ab.t1'tIct 
Commercit1.1 chickpea production began in Australia in 1979 with the release of the Indian desi 
cultivar C 235 and a /cQbuli line introduced from the USSR Since then the industry has expantkd 
to 87 ()(J() Ita with production being overwhelmingly of the desi type. 
Hybridization programs and further introductions have subsequently produced improvements 
in yield potential and stability, agronomic attributes, and seed quality. An average yield 
increase of 5% over C 235 has been achieved with the desi crossbred 'Amethyst', concurrent 
with significant improvements in plant height and with lodging resistance. Other releases. 
involving both desi and /cQbuli introductions, have reflected the priority given to substantially 
increasing seed mass, consistent with maintaining, or increasing, seed yield. 
In future breeding emphasis will largely be directed to augmenting resistance to Pbytophthora 
mcgaspenna f. sp. medicaginis, the major factor limiting production in many chickpea areas. 
Crossbreds have been developed which incorporate moderate levels of resistance. Heightened 
resistance is likely to be achieved from recurrent selection, identification of new sources of 
resistances, and an interaction of resistance with enhanced waterlogging tolerance. 
Other imponant prospective gains from plant breeding include improved resistance to Helicoverpa 
(Heliothis) spp. and the nematode Pratylenchus thornei, increased herbicide tolerance, low tem-
perature seed-set, and lower seed levels of o/igosaccharides and trypsin inhibitors. 
RkeDl6 pro.,.. I_NJontioD du poJ. dlkMet pririMoll6po",.,...,..9tI-AII6tralk : 
La production commerr:iale du pois cbicbe a commend en Australie en /979, avec /a 
vulgarisation du cultivar 'desi'indien C 235 et dUne Jignee "kabuJi'introduite de l'URSS. 
Depuis lors, l'industrie s~st ~largie pour atteindrt: 87 ()()() ha, la production ~tant prt:sque 
toujours du type desi. 
Des programmes d'bybnaation et de nouvelles vulgarisations ont par la suite fourni des 
lUI1~liorations du potentiel et de la stabjJit~ du rt:ndement, des attributs agronomiques et de la 
qualit~ des semences. Une augmentation moyenne de 596 du rt:ndement par rapport" C 235 a 
~t~ obtenue avec l'bybride desi Ametbyst, simultan~ment avec une ~lioration significative 
de la bauteur de la planteet de la resistance" la verse. D BUtrt:s vulgarisations, comprt:nant des 
introductions tant desi que kabuJi, ont refl~t~ la priorit~ accordee" la necessit~ dBugmenterde 
maniert: importante la mBSSt:des grains, tout en maintenant ou en augmentant le n:ndement en 
Jemences. 
A lBvenir, dans le cadrt: de la selection, on insistera surtout sur IBugmentation de I. 
resistance au Phytophthora megasperma l sp. medicaginis, principal facteur limitat de la 
production das bien des zones de pois chic.ht:. Des hybrides ont ~t~ mis IJU point, qui 
l. Chic;kpea Breeder. New South W_ Apiculture and Fisheries. ApicullUral Raearch Centre, RMB 1)44, Tamwonh. NSW 1340. 
AIIIInliL 
2. SuperviliDa Aponomill. Hermitqe RaeardI Slation, Via WIf'Wick. QId 4370. AUllnliL 
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mcorporent des niveawe mode res de resistance. Une resistance accrue serait probabJement 
obtenue grb a Ja seJection rkurrente, a J'identificstion de nouvelles sources de resistanceet. 
une interaction de Ja rtsistsnce avec une toJersnce smelioree • J'jnondation. 
Us autres grands avantages prevus grAce a Ja seJection comprennent Ja resistance a 
Helicoverpa (Heliothis) spp et au nematode Pratylenchus thomei, une toJerance accrue aux 
herbicides, une grenaison a bssse temperature et des teneurs moins eJevees d'inhibiteurs de 
uypsine et d 'oJigosaccharides. 
Recent Advances in Chickpea Improvement and 
Prospects for the Nineties: ICRISAT Center 
Onkar Singh, N.P. Saxena, M.P. Haware, S.S. Lateer, and C.L.L. Gowda· 
Abstract 
ICRISAT Center, located at ISON, 7SOE near Hyderabad in India, is responsible for the develop-
ment of short- and medium-duration desi and kabuli chickpea cultivars with stable and high 
yield and good consumer acceptance. Through multidisciplinary efforts, stable sources of single 
and/or multiple resistances to biotic (wilt, root rots. Helicoverpapod borer) and abiotic (drought, 
salinity) stresses have been identified and used in generating elite materials which combine high 
yield. resistance to wilt. and different levels of resistances to other stresses. Off-season nurseries 
under movable rainout shelters at ICRISAT Center are used to achieve faster progress in the 
breeding process. Extra-short duration. wilt-resistant desi and kabuli cultivars that mature in 
5,.80 days. escape terminal drought. and can profitably be used as a catch crop, and in double-
cropping systems. have been developed recently. All materials included in the international 
trials/nurseries now essentially possess resistance to wilt and tolerance to other stresses. The 
provision of a large number of chickpea germplasm and segregating materials to. and our 
collaborative activities with. the national programs have resulted in release of cultivars in India, 
Bangladesh. Myanmar. Nepal. Ethiopia. and Kenya. The excellent performance of short- and 
medium-duration ICRISAT chickpea cultivars in recent on-farm trials in India has generated 
great interest among farmers. The likely impact of some of the current research activities. such 
as germplasm enhancement. ideo type breeding, diversified bulk population breeding, and screen-
ing for early growth vigor and heat tolerance, has been elucidated. 
Rhume 
Recents progres de I'.m~liol'lltion du pols chiche et pr~"lsiolU pour ks .IIIJHs 9O-Centn 
ICRISA T: Le Centre ICRISA T, situe A 18° N, 78° E, pres d 'Hyderabad en lnde, est charge de 
la mise au point de cultivars de pois chiche 'desi' et 'kabuli' A cycles court et moyen, avec un 
rendement stable eleve et une bonne preference des consommateuTS. GrAce aux efforts 
pluridisciplinaires, des sources stables de resistance simple etlou multiple aux contraintes 
biotiques (fletrissement, pourritures des racines, Ie foreur des gousses Helicoverpa) et abio-
tiques (secheresse, salinite) ont ete identifiees et utilisees dans la generation de materiel elite qui 
reunit un rendement eleve, une resistance au fletrissement et differents niveaux de resistance A 
d 'sutres contraintes. Des pepinieres hors-saison sous abris amovibles contre la pluie au Centre 
ICRISA T, permettent de realiser des progres plus rapides au COUTS de la selection. On vient de 
mettre au point des cultivars desi et kabuli A cycle tres court, resistants au fletrissement, qui 
parviennent A maturite en ..5:.80 jouTS, echappent A la secheresse terminale et peuvent !tre 
exploites comme culture derobee ou dans des systemes de culture double. Tous les materiels 
qui /igurent dans les essaislpepinieres internationaux actuellement possMent essentiellement 
une resistance au fletrissement et une tolerance A d'sutres contraintes. La fourniture d 'un 
grand nombre de lignees des ressources genetiques et de materiel segregant de pois chiche aux 
I. Plant Breeder. Senior Crop Physiologist. Plant Pathologist. Entomologist. and Senior Plant Breeder. Legumes Program. International 
Crops Research Institute for the Semi-Arid Tropics (ICRISAT). Patancheru. Andhra Pradesh S02 324. India. 
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progt'lUlUlJeS nationawc, IIinsi que nos IJCtivites en collaboration avec Ct:S progrlUlUlJt:s, ont 
men~ j Is vu/garisation de cultivars en Inde, au Bangladesh, au Myanmar, au N~pal, en 
Ethiopie et au Kenya. La performance excellente de cultivars de pois chicM de I1CRISA T j 
cycles court et moyen dans des essais r6cents en milieu reel en Inde ont suscit~ un vii int~dt 
parmi lea cultivateurs. L'impact probable de certaines des IJCtivit6s de rechercbe IJCtuelles, 
comme l'enricbissement du pool ~nique, la seJection des id~otypt:s, la selection de popula-
tions bulk diversifjks et Ie criblage pour la vigueur precoce de croissance et la to/~rance j la 
chaleur, a ~t~ elucide. 
JNKVV-ICRISAT Cooperative Research Station, Gwalior: 
Recent Activities in Chickpea Improvement 
O.P. Rupelal , C. Johansen2, N.P. Saxena2, M.P. Srivastava3, and Onkar Singh2 
Abstract 
The INKVV-ICRISAT Cooperative Center was established in 1978 on the campus of the 
lawaharlal Nehru Krishi Vishwa Vidhyalaya (lNKVV) College of Agriculture, Gwa/ior, Madhya 
Pradesh, India, at 26°/3'N, 7S014' E and 212 m above sea level. The objectives of this Coopera-
tive Center are: 
I) to improve long-duration pigeonpea. an important crop in the traditional system of 
cultivation in the region; 
2) to offer a site for regional testing of promising chickpea genotypes in a major chickpea 
growing area of India; and 
3) for exchange and dissemination of information in fulfilling ICRISAT's mandate in the 
region. 
It has significantly contributed to the development and identification of ICCV 1,6, and 10, 
promising medium-duration chickpea varieties adapted to the region. In addition. it has served 
as an important site for the evaluation of short- (ICCV 2), and long- (desi: ICCV RRIOI-I04; 
kabuli: ICCV 13,14) duration varieties during their development. Preliminary results on fitting 
chickpea into cropping systems relevant to the region, suggested that introduction of short-
duration ICCV 2 could bring about greater stability for yield of chickpea and also offer scope 
for increasing cropping intensity. The increased cropping intensity can be achieved through 
possible double-cropping under rainfed conditions, and through triple-cropping under irrigated 
conditions. 
Resume 
St.tion d~ recherch~ cooper.ti"eJNKVV-ICRlSA T, Gwllllor-ActiYites mentes d~ r.milio-
r.tion du pois chich~ : Le Centre coop6ratif JNKVV-ICRISAT a 6t6 fond6 en 1978 sur Ie 
campus du college dilgriculture Jawaharlal Nehru Krishi Vishwa Vidhyalaya (JNKVV) A 
Gwalior, Madhya Pradesh, en Inde, A 26° 13'N, 78°14'£ et A 212 m au-dessus du niveau de la 
mer. Les objectifs de ce centre cooperatif sont : 
1) ram6lioration du pois d'Angole A cycle long, une importante culture dans Ie systeme 
traditionnel de culture de cette region; 
-_._--------
I. Crop Physiologist, Legumes Proaram, ICRISA T Cooperative Research Station, College of Agriculture Farm. Jawaharlal Nehru Krishi 
Viswa Vidyalaya (JNKVV). Gwalior 474 002. Madhya Pradesh, India. 
2. Principal Aaronomist. Senior Crop Physiologist. and Plant Breeder, Legumes Proaram. International Crops Research Institute for the 
Semi-Arid Tropics (ICRISAT). Patancheru, Andhra Pradesh 502 324, India. 
3. Pigeonpea Breeder, College of Agriculture, Jawaharlal Nehru Krishi Viswa Vidyalaya (JNKVV), GwaliOT 474 002. Madhya Pradesh. 
India. 
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2) 1a dispositiolJ d"urJ site destilJe aux t:SSais regionaux de genotypes prometteurs de pois 
cbicbe dans une grande regiolJ de production de pois cbicbe de 1'Inde; et 
3) 1 '«bange et 1a diiTusiolJ d 'informations pour remplir 1e mandat de 1'ICRISA T dans cette 
region. 
Le Centre a contribue de maniere significative A 1a mise au point et A HdelJtilicatiolJ de 
ICCV 1,6 et 10, varietes performantes de pois cbicbe A cycle moyen, adaptees A 1a regiolJ. En 
outre, i1 a ete UIJ site important pour l'evaluation de varietes A cycle court (ICCV 2), et A cycle 
long ("desi' : ICCV 88101-104; 'kabuli' : ICCV 13, 14) pendant leur deve1oppement. Les 
resultats preliminaires sur 1 'insertion du pois cbicbe dans des systemes de culture appropries A 
1a region laissent entendre que 1 'introduction de ICC V 2 A cycle court pourrait apporter une 
plus grande stabilite au rendement du pois cbicbe et en m~me temps offrir de meilleures 
possibilites pour accroltre 1'intensite de 1a culture. L'intelJsite accrue de 1a culture peut ~tre 
obtelJue grAce A ulJe culture double eventuelle dans des cOlJditions p1uviales, ainsi qu BVec ulJe 
culture triple dans des cOlJditions d'irrigation. 
HAU-ICRISAT Cooperative Research Station, Hisar: 
Recent Advances in Long-duration Chickpea 
s.c. SethP, A.M. Ghanekar1, and C.L.L. Gowda2 
Abstract 
Our objectives at Hisar (29"N, 75"E. 215 m) are to breed high-yielding long-duration desi and 
kabuli types. to identify early-maturing genotypes suited to late sowing. to fit in double cropping 
systems. and to breed varieties for high-input conditions. 
The potentially serious diseases are fusarium wilt, root rots, stunt virus, ascochyta blight, and 
botrytis gray mold; whereas the most important insect pest is Heliocovera pod borer, Cold, sa-
linity. drought. and high temperatures are the important abiotic stresses that require allention. 
Single, three-way and double crosses are made to combine resistances into high-yielding 
backgrounds. Early segregating generations are screened against wilt and root rots. stunt virus, 
ascochyta blight (in collaboration with HAU, Hisar), and botrytis gray mold (in collaboration 
with GBPUA&T. Pantnagar), Later generations are grown in insecticide-free blocks to identify 
Heliocoverpa tolerant lines, Elite lines with good agronomic performance and resistancel 
tolerance to one or more stress factors are identified and contributed to international trialsf 
nurseries to test for wide adaptation and stability of performance. 
High-yielding lines so far bred at Hisar are desis: ICCV I, ICCV 19, ICCV 88102, and ICCV 
88104 and kabulis: ICCV 6.ICCV 13. ICC V 14; ICCC /4, ICCC 41 .ICCV 15.ICCV 88106 and 
88107 for late sowing conditions; ICCV 89851 and ICCV 89852 for high inputs; and ICCV 
88506 and ICCV 88507 for cold tolerance. Seed samples of these lines are freely available to 
cooperators. 
Resume 
Stillion de recherche HA U-ICRISATt Hiflllr-Pmgrh rmnt. de III ulection de pols cbJche. 
cycle /onl: Nos objectifs a Bisar (290 N. 75° E, 215 m) sont de se/ectionner des types 'desi' et 
'kabu/i' a cycle long et a rendement eleve, d'identiJier des genotypes a maturation precoct: qui 
se pretent a des semis tardifs, afin de permettre leur integration dans des systemes de culture 
double, Binsi que de se/ectionner des vanetes pour des conditions a intrants e/eves. 
Us maladies potentiellement les plus graves sont Ie fletrissement fusan'en,les pourritures 
des racines, Ie virus du nanisme, la fletrissure ascochytique et la pourrirure grise due a botrytis; 
l'insecte Ie plus important est Ie foreur des gousses Helicoverpa. u froid, la salinite, la 
secheresse et les fortes temperatures sone les principales contraintes abiotiques qui exigent 
I 'attention. 
Des hybrides simples, des hybrides trois voies et des croisements doubles sont dalises pour 
combiner les dsistances dans du materiel A haut rendement. Des generations segregBlJtes 
precoces sont criblees contre Ie fletrissement et la pourriture des racines, Ie virus du nanisme, la 
fletrissure ascochytique (en collaboration avec BA U, Bisar) et la pourrirure grise due a 
I. Plant Breeder and Plant Pathologist. Legumes Program, ICRISAT Cooperative Research Station. Haryana Agricultural University 
Campus, Hisar 125 004, Haryana, India. 
2. Senior Plant Breeder. Legumes Program. International Crops Research Institute for the Semi-Arid Tropics (lCRlSAT). Patanchenl, 
Andhra Pradesh S02 324. India. 
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botrytis (en collaboration avec GBPUA&T, Pantnagar). Des generations successives sont 
cultivees dans des parcelles exemptes dYnsecticide, pour identifier les lignees tolerantes A 
Helicoverpa. us lignees elites qui ont de bonnes performances agronomiques et une resist-
ance/tolerance A l'un ou plusieurs facteurs de contraintes sont identifiees et soumises A des 
essais/pepinieres intemationaux afin de tester pour I 'adaptation et la stabilite de performances. 
Des lignees A haut rendement se/ectionnees jusqu ~ present A Hisar sont des desi : ICCV I, 
ICCV 19, ICCV 88102 et ICC V 88104 et des kabuli: ICC V 6, ICCV 13, ICCV 14; les lignees 
ICCC 14, ICCC 41, ICCV 15, ICCV 88106 et 88107 pour conditions de semis tardifs; les 
lignees ICCV 89851 et ICC V 89852 pour intrants e/eves; et les lignees ICCV 88506 et ICCV 
88507 pour tolerance au froid. Des echantillons de semences de ces lignees sont librement 
disponibles aux cooperants. 
Desi-Kabuli Introgression Studies in Chickpeas 
C.L.L. Gowda, B. V. Rao, and S. Chopra l 
Abstract 
Of the two distinct types of chickpeas (desi and kabu/i). desi types are usually small seeded. 
with a colored seed coat and reticulated surface. Kabuli types are usually large seeded. with a 
white or pinkish seed coat, and a smooth seed surface. Desi types are considered primitive and 
the kabuli types 10 be of more recent origin. Both have been isolated geographically for many 
years. Apart from morphological differences, each type possesses unique and useful characteris-
tics. and different gene blocks that can be transferred (introgressed) from one type into another 
10 improve quality traits and yield. 
A desi-kabuli introgression study was initiated in 1979 10 determine the variability generated 
in des; x kabuli crosses and the frequency of recombinants with desired traits. and to introgress 
desirable characteristics from desi type into kabuli and vice-versa. Three desi and three kabuli 
varieties were included in a diallel cross. In the F} of desi x kabuli crosses a wide range of seg-
regants for seed size. shape. and color were obtained. Des; type seeds were higher in 
proportion. followed by intermediate and kabu/i types. The percentage of kabuli types was low. 
and varied with parental lines in a cross. The extent of variability for morphological characters 
in des; x kabuli crosses was similar to other crosses. and was more related 10 geographic 
divergence of parents than to seed type. In the second cycle of crossing. the extent of variability 
in the F] was less than in cycle I. and the recovery of kabuli type segregants was higher when 
the third parent used was a kabuli. Qualitative characters can be transferred easily. Although 
there were vegetatively vigorous plants in the Fe' no segregants were yielding higher than the 
highest yielding parent. 
Resume 
Etudes sur r introgression 'desi'·'kabuli' chez Ie pois chiche: Des deux types distincts de pois 
chiche ('desi' et 'kabuli" les types desi sont generalement A petits grains, A tegument colore et 
surface reticulee. Les types kabuli ont generalement de gros grains, A tegument blanc ou rose et 
surface de grain unie. Les types desi sont consideres comme primitifs et les types kabuli comme 
d 'origine plus recente. Tous les deux ont ete isoles geographiquement depuis bien des annees. 
En dehors des differences morphologiques, chaque type possMe des caracteristiques uniques 
et u tiles ainsi que differen ts blocs de genes qui peu vent etre transferes (par introgression) d 'un 
type A I 'autre pour ameliorer les caracteres de quaJite et Ie rendement. 
Vne etude sur l'introgression desi-kabuli a ete inauguree en 1979 pour determiner la 
variabjlite engendree dans les croisements desi K kabuli et la frequence des recombinants A 
caracteres desirables, et pour introgresser des caracteristiques desirables du type desi au type 
kabuli et vice versa. Trois varietes desi et trois varietes kabuli ont figure dans un croisement 
diallele. Dans la F] de croiscments desi K kabuli, on a obtenu une grande variete de segregants 
pour la taiJJe des grains, leur forme et leur couleur. us grains du type desi etaient proportion-
ncJJement plus nombreux, suivis par des types intermedisires et des types kabuli. Le pourcen~ 
tage de types kabuli etait [sible et a vane en fonction des lignees parentales dans un croisement. 
1. Senior Plant Breeder. and Research Associates. u:gumes Program. International Crops Research Institute for the Semi· Arid Tropics 
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L '6tendue de ls vsrisbilit6 des csrsct6ristiques morphologiques chez les croisements desi It 
ksbuli 6tait identique A ce1le des sutres croisements, 6tant dsvantage lonction de divergences 
#ogI'spbiques des parents que du type de grain. Dsna le second cycle d 'bybridstion, l'6tendue 
de ls vsrisbilit6 dsna ls ~ 6tait inf6rieure A ceJJe du cycle 1, et ls reprise de s6gregants du type 
ksbuli 6tait plus 6lev6e lorsque le troisieme parent utiJis6 6tait un ksbuli. Des csrsct6ristiques 
qusJitstives peuvent!tre transf6rees lscilement. Bien qu'iJ y svait des plantes v6g6tstivement 
vigoureuses dans ls ~, sucun s6gregant n'svBit un rendement sup6rieur A celuj du parent le 
plus performsnt. 
Chickpeas in the Newly Reclaimed Areas in Egypt 
A.M. Khattab l 
AbstnJet 
Owing to limited cropped area in Egypt's Nile Valley and Delta, eJJons are underway to 
increase new cultivated areas in Nubaria and South Tahrier districts and other places. Chick-
pea (Cicer arietinum L.) is receiving great allention because of its ability to grow in sandy soils. 
Five research seasons since 1983 have shown several promising results. First, high mean seed 
yield exceeding 2 t ha·1 has been obtained from the lCR1SATI1CARDA International Yield Trials 
(CIYT-Iarge seeded and CIYT-sub-tropical region). Higher yields were obtained from the large-
seeded trials than from the small-seeded trials. Second, seed yields were higher in Nubaria 
district than in Tahrier district. The reasons for higher seed yield in Nubaria are being 
investigated. Third, sowings in the new area will require inoculation with Rhizobium cuiture for 
biological nitrogen fixation. Seed inoculation with lCARDA strain No. 44 and application of 80 
kg of P20j and 60 kg of K]O ha·1 produced a record yield of 4.12 t ha·1 at Nubaria Research Sta-
tion. Fourth, the chickpea crop grown with sprinkler irrigation will require protection from 
ascochyta blight disease. Two cultivars, lLC 200 and ILC 482, were found consistently resistant 
to ascochyta blight. Also, a combination of seed dressing with fungicide Rh 50-50 and fungicide 
spray with Bavistin ® provides good control of the disease. Fifth. chickpea with a selling price 
of 2400 Egyptian pounds (I is highly profitable (I US$ = 2.6 Egyptian pounds). 
Resume 
La pols chldl • ... Is ZOftt!S rk~mm~nt tm.a ~n cullan ~n EDPt~ : En raison de la 
superficie cukiv6e restreinte dans la vsll6e du Nil et Ie delta de l'Egypte, des efforts sont 
entrepris pour accroitre Jes nouvelles superficies cu/tivees dans les districts de Nubaria et de 
Sud Tshrier et d 'sutres lieux. Le pois chiche (Cicer arietinum L.) attire beaucoup d'sttention 
en raison de son aptitude a croitre dans des sols sableux. 
Des travaux de recherche effectues pendant cinq csmpsgnes depuis 1983 ont montre 
plusieurs resu/tats prometteurs. Premierement, un rendement moyen en grains e/eve, depas-
sant 2 t ha-
'
, a ete obtenue au cours des essais internationaux de rendement ICRISAT-
ICARDA (CIYT-gros grains et CIYT-region sub-tropicsle). Des rendements plus e/ev~ ont 
ete obtenus dans les esssis a gros grains que dans les esssis a petits grains. Deuxiemement, les 
rendements en grains etaient plus e/eves dans Ie district de Nubsria que dans Ie distnet de 
Tshrier. Les causes de ce rendement plus e/eve a Nubsria font I 'objet d'une enquete. Troisie-
mement, les semis dans la nouvelle region exigeront Hnocu/ation de la culture de Rhizobium 
pour assurer une fixation biologiquede l'szote. L ~noculation des semences avec la souche N° 
44 de J'ICARDA et l'eplUldsge de 80 kg de PzOj et de 60 kg de KzO ha- I ont fourni un 
rendement record de 4,12 t ha- I a la station de recherche de Nubsria. Quatriemement, la 
culture de pois chiche avec irrigation par aspersion exige une protection contre la fletrissure 
ascochytique. Deux Cu/tivBTS, ILC 200 et ILC 482, ont ete regulierement resistants a la 
fletrissure ascochytique. Par silleurs, une combinaison de l'enrobage des semences avec Ie 
fongicide Rh 50-50 et une pu/verisation de fongicide avec Banstin" pennet une bonne msltrise 
de la msladie. Dernierement, Ie pois chic he qui a un prix de vente de 2400 livres egyptiennes t- I 
est tres rentable (I USS = 2,6livres egyptiennes). 
I. Chickpea Breeder, Agricultural Research CenlCr, Field Crops InstitulC, Food Legumes Section, EI-Gamma St., Giza, Egypt. 
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Current Status and Future Prospects of Chickpea Production 
in Sudan 
A.I. Sheikh Mohamed l 
Abatrtlct 
Chickpea (Cicer arietinum L.) is traditionally grown during the winter in the northern region of 
Sudan. The crop is sown on soils of the Nile banks, islands, and basins after the flood recedes. 
The area and production fluctuate depending 011 the floods. Average yield is about 1.2 t ha· l . At 
present, all chickpea production is consumed locally. Prospects for an increase in area and 
production are bright because improved production technology is being transferred to farmers. 
and because indigenous and foreign demand ;s increasing. 
Data collected from the varietal evaluation and agronomic studies from the 1982183 to 1986/ 
87 seasons at Hudeiba and Shendi Research Stations in the northern region formed the basis 
for release of a kabuli type (NEC 249J1ILC 1335) under the name Shendi. This, when sown 
during November with a seed rate of 60 kg ha·l • fertilizer rate of 86 kg N ha·1 and frequent irri-
gation. gave high yields at research stations and farmers' fields. Its seed yield exceeded the lo-
cal type by 43% at Hudeiba and 24% at Shendi. Some constraints of production. such as 
diseases and storage damage by insects. are discussed. 
Resume 
BillUIsctueJ et poaibilites d's yenir de Js production du pois cbiche su Soude: Le pois chiche 
(Cicer arietinum L.) est traditionnellement cultive pendant l11iver dans la region nord du 
Soudan. Les semis se font sur les sols des rives, des iles et des bassins du Nil aprcs la decrue. La 
superficie plan tee et la production varie selon les inondations. Le rendement moyen est 
d'environ 1,2 t ha- I• A l11eure actuelle, toute la production de pois chiche est consommee sur 
place. Des possibilites d'augmentation de la superficie et de la production sont excelJentes, 
parce que la technologie amelioree de production est transferee aux cultivateurs et parce que la 
demande locale et etrangere s 'aecroft. 
Les donnees rassemblees A partir de l'evaluation varietale et des etudes agronomiques au 
cours des campagnes de 1982/83 A 1986/87 aux stations de recherches de Shendi et Hudeiba, 
dans la region nord, ont constitute la base de la vu/garisation d'un type 'kabulr (NEC 
2491/ILC 1335) so us Ie nom de Shendi. Lorsque cette variete etait semee en novembre avec un 
taux de semis de 60 kg ha-J, une dose d 'engrais de 86 kg N ha-J et une irrigation frequente, elle 
fournissait des rendements tres eleves aux stations de recherches et dans 1es champs paysans. 
Le rendement en grain depassait celui du type local de 43% A Hudeiba et de 24% A Shendi. 
Certaines contraintes de production, comme les maladies et les degAts de stockage par les 
insectes, sont examinees. 
1. Plant Breeder. Agricultural Research Corporation. Hudeiba Research Station. P.O. Boll. 31, Ed-Darner. Sudan. 
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The Strategy to Arrest Decline in Chickpea Production in 
Ethiopia 
Abebe Tullu' 
Abstract 
Ethiopia is a center of diversity for cultivated chickpea (Cicer arietinum L.J. A wild relative (Cicer 
cuneatum) i.' reported to occur in the northern part of the country. Of the two types of chickpea, 
the desi type is predominantly grown and production is concentrated in the central and northern 
highlands of Ethiopia. The crop is grown on Vertisols and soils of vertic properties mostly on 
residual moisture at elevations between 1400-3000 m (as/) where the annual rainfall ranges 
from 600 to 2000 mm. The growing season is characterized by cool. moist. warm winters and 
dry. hot summers lasting from 85-150 days. 
Chickpea production increased progressively up to 236200 tons in 1973 over an area of 302 
(){)() ha. but then tended to decrease and level off and has since failed to recover; yields are 
generally low. 0.6-0.8 t ha· t , Major reasons include: diseases. insect pests. and management 
practices; technical, postharvest. and social constraints; edaphic problems and poor extension 
services. yield instability, and low yield potential of the landraces. 
The research thrust at Debre-hit Agricultural Research Center, Alemaya University of 
Agriculture is multidisciplinary in nature and covers pathology, entomology, weed science, 
breeding, agronomy, soil science, microbiology, and on-farm and demonstration trials. To date, 
problem identification in some major chickspea areas. variety release with recommended 
packages, identification of sources of resistance to root-rot/wilt diseases, germplasm evaluation 
and utilization. work on gameticides and proper time of emasculation and pollination and 
genetic variation of some indigenous and exotic chickpeas, and identification of chemicals to 
control diseases, pests, and weeds constitute the multidisciplinary team approach to arrest 
decline in chickpea production. 
In more specific terms.the national chickpea improvement program should lay emphasis on : 
breeding for disease and drought resistance in well adapted short- to medium-duration cultivars; 
evaluation and utilization of indigenous and introduced materials of wide geographic origins; 
study of genotype x environment interaction in traditional and non-traditional chickpea areas; 
development of effective field screening techniques for major diseases followed by laboratory 
work to confirm the results of field screening; developing integrated disease and pest control; 
survey of major diseases and field and storage pests and assessment of their distribution and 
intensity across years and locations; intensified testing of improved production techniques in 
different systems of cropping through onjarm trials with the appraisal of socio-economic 
aspects; pilot production-cum-demonstration and mass popularization of recommended pack-
ages .. production of pamphlets and compilation of literature for use by extension workers and 
farmers; research under irrigated conditions; cropping sequence. double cropping. intercrop-
ping and fertilizer studies. To be successful in these activities. the development of improved 
multilocational testing programs with zonal responsibility but with one center coordinating the 
overall national program; training high-level research personnel and collaborative research 
proposals with ICRISAT and ICARDA are required. To create appropriate incentives towards 
boosting production. government policies favoring farmers should be developed. 
I. Coordinator. Chickpea Research, Debre·Zeit Agricultural Resean:h Center. Alemaya University of Agriculture, P.O. Bolt 32. Dcbre· 
Zeit. ShOll, Ethiopia. 
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Resume 
St,.t~,ie pour Baiter Ie dklin de I_ production de pois chiche en Ethiopie: L 'Ethiopie est un 
centre de diver site pour Ie pois chiche cultive (Cicer arietinum L.). On a signale, dans la partie 
nord du pays, une variete sauvage apparentee (Cicer cuneatum). Des deux types de pois 
chiche, Ie type 'desi' est Ie plus fr6quemment cultive et la production est concentree dans les 
regions A haute altitude du centre et du nord de l'Ethiopie. La culture se fait sur des vertisols et 
des sols A proprietes vertiques surtout sur humidite residuelle A des altitudes entre 1400 et 
3(){)() m (au-dessus du niveau de la mer) ou la pluviosite annueJJe varie entre 600 et 2000 mm. La 
saison de culture est caracterisee par des hivers frais et humides, et des etes secs et tres chauds, 
durant entre 85 et 150 jours. 
La production de pois chiche a augmente progressivement pour parvenir A 236200 tonnes 
en 1973 sur une superficie cultivee de 302 000 hectares, mais eJJe a ensuite tendu A baisser et n a 
pas repris son a vance pr6cedente; les rendements sont generalement faibles : 0,6 A 0,8 t ha- I• 
us principales raisons comprennent : maladies, insectes ravageurs et fafons culturales; 
contraintes techniques, post-recoltes et sociales; problemes edaphiques et services de vulgari-
sation inefficaces, instabilite du rendement et faible potentiel de rendement des varietes 
locales. 
L 'effort de recherche du Centre de Recherche Agrico/e de Debre-Zeit, Universite Alemaya 
d 'agriculture, est pluridisciplinaire de par sa nature et porte sur la pathologie, I 'en tom ologie, la 
malherbologie, la selection, I agronomie, la science des sols, la microbiologie, les essais en 
milieu reel et de demonstration. Aujourd'hui, lapproche de l'equipe pluridisciplinaire pour 
arreter Je d6clin de la production de pois chiche se traduit par I 'identification de problemes 
dans certaines grandes regions de culture de pois chiche, la vulgarisation de varietes accom-
pagnk d'un ensemble de recommandations, l'identIfication de sources de resistance aux 
maladies de pourriture des racines/fJetrissement, l'evaluation et l'utilisation du materiel 
genetique, Ie travail sur les gameticides et Ie meiJJeur moment pour la castration et la 
poJJinisation, et la variation genetique de certains pois chiches indigenes et exotiques, ainsi que 
par I 'identification de produits chimiques pour lutter contre les maladies, les ennemis et les 
adventices. 
En termes plus specifiques, Ie programme national damelioration du pois chiche devrait 
insister surtout sur: selection pour la resistance aux maladies et A la secheresse dans des 
cultivars bien adaptes, A cycle court et moyen; evaluation et utilisation de materiel indigene et 
introduit d'origines geographiques variees; etude de I 'interaction genotype )( environnement 
dans les zones de cultures traditionneJJes et non traditionneJJes du pois chiche; deveJoppement 
de techniques efficaces decriblage au champ pour les principales maladies, suivi par un travail 
en laboratoire pour confirmer les resultats des criblages au champ; mise au point d 'une lutte 
integree contre les maladies et les ennemis; etude des principaJes maladies et des ennemis des 
champs et de stocks et evaluation de leur distribution et de leur intensite en fonction des annees 
et des emplacements; essais intensifies de techniques de production ameliores dans differents 
systemes de culture, par essais en milieu paysan avec l'evaluation des aspects socio-
economiques; production et demonstration pilote et popUlarisation en masse de recommanda-
tions; production de brochures et compilation des informations pour usage par les vulgarisa-
teurs et les cultivateurs; recherches dans des conditions d'irrigation; sequence de culture, 
culture double, cultures associees et etudes sur Jes engrais. Pour reussir dans ces activites, iJ est 
necessaire de mettre au point des programmes amelior6s d 'essais multilocaux avec responsabi-
lite zonale mais avec un seul centre coordonnant Ie programme national global; de former un 
personnel de recherche de haut niveau; et de mettre en place des propositions de recherches 
col1aboratives avec I'ICRISA T et I'ICARDA. Afin de creer des primes appropries pour 
augmenter la production, il faut mettre en place des politiques gouvernementales qui favo-
risent les cultivateurs. 
Dual-season Chickpea 
M. Kamal' and M.M.B. Solh2 
Abstract 
Chickpea (Cicer anetmum L) is normally sown in the Mediterranean basin during spring 
(February-Apri/J and raised on residual moisture. In spite of the success of winter-sown 
chickpea. spring-sown chickpea will continue to have its place in the farming systems especially 
in hot spots of Ascochyta rabiei. Dual-season chickpea aims at the development of cultivars 
adapted to both winter and spring seasons. Such cultivars will (a) provide farmers with the 
flexibility to sow chickpea any time benveen winter and spring. (b) reduce the riSK of building up 
ascochyta blight inoculum and disease spread. (c) facilitate crop management-e.g .. weed control 
through pre-sowing cultivation after the first rains. and (d) facilitate breeding operations and 
seed multiplication. In a study conducted in Morocco. 36 advanced breeding lines were 
evaluated for their adaptation to winter- and spring-season sowing during the period 1987 to 
1989 at three locations representing three distinct agrodimatic conditions. Nine lines showed 
dual-season adaptation: FLIP R2-150C. FLIP 83-47C, FLIP 83-48C. FLIP 84-8C. FLIP 84-72C. 
FLIP R4-92C, FLIP 84-/44C. FLIP 84-182C. and ILC /95. Selection was based on high 
peiformance across the 12 environments. resistance to ascochyta, and early to medium maturity. 
The relationships benveen genotype mean yields and regression coefficients on location means, 
as well as ecovalence values confirmed the superiority of these genotypes as dual-season 
cultivars, particularly of FLIP B4-92C, ILC 195, and FLIP 84-182c' In winter sowing. yield 
advantages with these lines across locations were 44% over the be,rt improved winter cultivar in 
1987IRB and 24% in 1988/89. In spring sowing, the yield advantages were 34% in 1987/88 and 
39% in 1988189 over the best local spring cultivars. Under heavy ascochyta blight pressure in 
one location during 1 9881R9, these lines scored 4 or less on a I to 9 rating scale. where I = 
disease free and 9 = complete kill. 
Resume 
Pois chiche. double saison: Lc pois chiche (Cicer arietinum L.), est normalement seme dans 
Ie bassin mediterraneen pendant Ie printemps (fevrier iJ. aV(11) et la culture se fait sur humidite 
residueIJc. En depit du succ~s du pois chiche A semis d 'hiver, Ie pois chiche A semis de printemps 
continuera A jouer son r6Jc dans les systemes d 'exploitation, particuJj~rement dans les sites de 
forte infection par Ascochyta rabiei. Le pois chiche A double saison vise Ie devt:loppf'ment des 
cultivars adaptes aux saisons d'hiver aussi bien que de prinu:mps. De tels cultivafS (a) 
permettront aux cultivateurs de semer du pois chiche A tout moment entre l'hiver et Ie 
printemps, (b) reduiront Je risque d 'accumulation de I ' inoculum de Ja fletrissure ascochytique 
et du deve/oppement de la maladie, (c) faciliteront la gestion des cultures (par exemple, la 
maitrise des adventices par culture presemis apres les premi~res pluies), et (d) faciliteront les 
operations de selection et de multiplication de semences. Dans une etude entreprise au Maroc, 
36lignees de selection avancee ont ete evaluees pour l'adaptation aux semis d'hiver et de 
1. National Food Legume Coordinator. Arid Culture Project. Station Cenltale des t.egumineuses Alimentlire,. Centre Regionale de 
Recherche Agronomique. B.P. 589. Settat. Morocco. 
2. Regional Food Legume Breeder - North Africa (ICARDA). BP 6299. Rabat-Institutes. Rabat, Morocco. 
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printemps pendant 1a periode 1987 A 1989 A trois emplacements representant trois conditions 
agroclimatiques distinctes. Neuf lignees ont manifeste une adaptation A double saison : FLIP 
82-150C, FLIP 83-47C, FLIP 83-48C, FLIP 84-8C, FLIP 84-72C, FLIP 84-92C, FLIP 
84-144C, FLIP 84-182C et ILC 195. La selection etait basee sur une forte performance dans 1es 
douze environnements; 1a resistance A 1a fJetrissure ascochytique et une maturite precoce A 
moyenne. Les rapports entre 1es rendements moyens des genotypes et 1es coefficients de 
regression sur 1es moyennes des emplacements, ainsi que 1es vaJeurs d 'ecovaJence ont confirme 
1a superiorite de ces genotypes comme cu1tivars de double saison, particulierement celle de 
FLIP 84-92C, ILC 195 et FLIP 84-182C. Les avantages de rendementdes semis d'hiveravec 
ces lignees dans divers emplacements etaient de 44% par rapport aux meilleurs cu1tivars 
d'hiver ameliores en 1987/1988 et de 24% en 1988/1989. Dans Ie cas des semis de printemps, 
1'avantage de rendement etait de 34% en 1987/1988 et de 39% en 1988/1989 sur Jes meilleurs 
cu1tivars de printemps locaux. Sous une forte pression de 1a fJetrissure ascochytique dans un 
emplacement en 1988/1989, ces lignees ont enregistre 4 ou moins sur une echelle de notation de 
1 A 9, OU 1 = exempt de maJadie et 9 = destruction complete. 
Prospects of Winter Chickpea in Algeria 
M. Labdil, Z. Bousnad1, M.M.B. Solhl , and J. Werr 
Abstro.ct 
Experiments on winter chickpea (Cicer arietinum) conducted in farmers' fields showed signifi-
cant yield increases over spring chickpea in western Algeria. The main factors that contributed 
to seed yield increase are: (1) use of ascochyta blight-resistant cultivars; (2) lower drought 
stress during the grain filling period; and (3) better harvesting techniques. 
Yields in winter-sown chickpea using tLC 3279 and lLC 482 over 3 years ranged between 0.4 
and 10.6 t ha-I and between 0.5 and 14 t ha·I , respectively, whereas yields of the spring-sown 
locallandrace ranged from 0.1 to 0.85 t ha· l . The increase in yield motivated farmers to extend 
the area under chickpea. Future research is directed towards the development of large-seeded, 
early-maturing, ascochyta blight-resistant, high-yielding cultivars. and improved production 
technologies for winter sowing. 
Resume 
Possibilites du pois chime d'hiver en AI,hie: Des essais effectues en milieu reel sur Ie pois 
chiche d 'hiver (Cicer arietinum) ont montre des ameliorations significatives de rendement sur 
Ie pois chiche de printemps en Algerie occidentale. Les principaux facteuTS qui ont contribue a 
l'augmentation du rendement en grains etaient : (1) l'emploi des cultivSTs resistants A la 
fJetrissure ascochytique; (2) Ie stress hydrique moins eleve pendant la periode de remplissage 
des gousses; et (3) de mei1leures techniques de reeolte. 
Les rendements o bten us avec les pois chiches ILC 3279 et ILC 482 semes en hiver pendant 3 
annees ont varie entre 0,4 et 10,6 t ha- I et entre 0,5 et 14 t ha- I, respectivement, alors que les 
rendements de la variete locale semee au printemps ont variede 0, I a 0,85 t ha-J• L 'augmenta-
tion du rendement a encourage les paysans a accroitre la superficie cultivte en pois chiche. Lt:s 
travaux de recherche futurs visent, d'une part, la mise au point de cultivaTS preeoces et agros 
grains, a haut rendement et resistants a la fJetrissure ascochytique, et de l'autre part, la 
realisation de technologies ameliorCes de production pour les semis d'hiver. 
I. Food Legume Coordinator. Institut technique des gra.ndes cultures (ITGC). BP No . .59. Sidi Bel Abbes. Algeria. 
2. Assistant Professor. Department de botanique.INRA-Alger. Rue Pasteur. El-HlUTllCh. Alger. Algeria. 
3. Regional Food Legume Breeder - North Africa (ICARDA). BP 6299. Rabat-Institutes. Rabat. Morocco. 
4. Assistant Professor of Crop Physiology. Ecole nationale superieure agronomique (ENSA)/Institut national de la recherche agronomique 
(INRA). 2. Place Viala. 34060 Montpellier. Cedcx I, France. 
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Effect of Advancing Sowing Dates on Chickpea Production in 
Thrkey 
D. Sakar1 and B. Yilmaz1 
Abstract 
Experiments were conducted with ascochyta-resistant and cold-tolerant cultivars to investigate 
the effect of advancing sowing time on productivity of chickpea in Diyarbakir. southeastern 
Anatolia. and in Ankara and Eskisehir. Central Anatolian Plateau. 
The following cultivars were used: ILC 195. ILC 482, ILC 201. and ILC 3279 in Diyarbakir, 
ILC 195, Eser 87. and a local control in Ankara, and Canitez 87 in Eskisehir. Chickpea 
cultivars were sown at five different dates (20 December. 20 January. 20 February, 20 
March.and 20 April) in Diyarbakir during 1986, 1987,and 1989. There were four sowing dates 
(30 March,15 April. 30 April. and 15 May) in Ankara in 1985. and also four sowing dates (25 
March. 15 April. 5 May. and 25 May) in Eskisehir in 1986. 
Advancing sowing time to December, January, or February resulted in 100% or more seed 
yield than the traditional sowing time in March and April under southeastern Anatolian 
conditions. However. the highest seed yield ( 1.77 t ha- i ) was obtained from the December sowing. 
Sowing in late March or April also produced 60% or more seed yield than traditional May 
sowing under central Anatolian conditions in Ankara and Eskisehir. 
On-farm demonstrations with ILC 482 in southeastern Anatolia and with 86 AI( 71114 in 
central Anatolia confirmed a significant increase in productivity when it was sown earlier than 
at the traditional sowing time. These two lines and nine other promising lines are being tested 
in on-farm trials. Some may be registered as cultivars in the near future. 
Turkey has recorded a significant increase in chickpea production and has become the second 
highest chickpea producing country in the world. mainly due to fallow replacement in cereal-
fallow rotation. It is expected that production will further inaease with the introduction of 
winter sowing in southeastern Anatolia and early spring sowing in central Anatolia. 
Resume 
InDuence de I • .,.ncement des d.tes de semis SUI I. production du pois chiche en TurquJe : Des 
essais ont ete effectues avec des cultivars resistants ala fletrissure ascochytique et tolerants au 
froid dans Ie but d'etudier l'effet de l'avancement du temps de semis sur la productivite de pois 
chiche a Diyarbakir, en Anatolie du sud-est, et a Ankara et Eskisehir, (Plateau d 'Anatolie 
centrale). 
Les cu1tivars suivants etaient utilises: ILC 195, ILC 482, ILC 20 1, et ILC 3279 a DiyarbaJdr, 
ILC 195, Eser 87, et un temoin local a Ankara, et Canitez 87 a Eskisehir. Les cu1tivars etaient 
semes a cinq dates differentes (20 decembre, 20 janvier, 20 fevrier, 20 mars et avril) a 
Diyarbakir, en 1986, 1987et 1989. I1yavait quatredates de semis (JOmars, 15avril, 30avri1et 
J 5 mail a Ankara en 1985, et quatre dates de semis egaJement (25 mars, 15 avril, 5 mai, et 25 
mail a Eskisehir, en 1986. 
L 'avancement du temps de semis a decembre, janvier ou fevrier a rendu possible une 
augmentation du rendement en grains de 100% ou plus par rapport au temps de semis 
.-~---."'--. 
I. Director and Food Legume Coordinator, Tarimsal Arastirma, Enstitusu Mudurlugu. P.O. BOll 72. Diyarbakir. Turkey. 
2. Director. Field Crops Improvement Center, P.O_ BOll 226, Vlus, Ankara, Turkey. 
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traditionne1 en mars et aVT11 dans des conditions d'AnatoJie du sud-est. Cependant, Ie rende-
ment en grains Ie plus 6lev6 (1,77 t ha-') 6tait obtenu du semis de d6cembre. u semis en fin 
mars ou avril a 6galement produit un rendement en grains de 60% ou plus par rapport au semis 
traditionnel en mai, dans les conditions d'Anatolie centrale a Ankara et a Eskisehir. 
us d6monstrations au champ avec ILC 482 en Anatolie du sud-est, et avec 86 AK 71 114 en 
Anatolie centrale, ont confirm6 1 'augmentation significative de la productivit6 lorsque Ie pois 
chiche est sem6 plus t6t que Ie temps traditionnel de semis. Ces deux lign6es, ainsi que neuf 
autres lign6es prometteuses sont en cours d'6tude dans les essais au champ. Certaines Jign6es 
pourraient etre enregistrees en tant que cultivars dans l'avenir proche. 
La Turquie a enregistre une augmentation significative de la production du pois chiche et est 
devenue Ie deuxieme pays producteur de pois chiche dans Ie monde, essentiellement dO au 
remplacement de la jachere dans la rotation c6r6ale-jachere. La production devrait s '6lever 
encore avec l~ntroduction du semis de d6but printemps en Anatolie centrale. 
Winter Chickpea in Syria 
M.W. TawiJl 
Abstract 
Chickpea (Cicer arietinum L.) is an important food legume in Syria, It is sown at the beginning 
of the spring season (March-April) and harvested in the summer (June-July) in the rainfed areas 
with 300-500 mm of annual rainfall, Because of large variations in amount and distribution of 
rainfall the area sown with spring chickpea fluctuates between 25 000 and 90 000 ha. The local 
chickpea is of good quality and is adapted to drought conditions. but gives low yield. Therefore, 
to improve the utilization of winter rainfall for chickpea production. winter sowing was 
attempted. Since local chickpea cultivars are susceptible to ascochyta blight. genotypes obtained 
from ICARDA were evaluated for disease resistance to select those suitable for winter sowing. 
Work on winter chickpea since 1979 has resulted in the release of two genotypes during 1986: 
(I) ILC 482 (ex-Turkey) under the name ofGhab J. and (2) ILC 3279 (ex-USSR) under the name 
of Ghab 2. These cultivars are suitable for areas with an annual rainfall of 300-550 mm. are 
more resistant to cold and ascochyta blight than the local chickpea. and can be mechanically 
harvested. Yields of Ghab I were 1.37 t ha" and Ghab 2 were 1.07 t ha", when sown during the 
winter as compared to 0.84 t ha'/ for the local spring-sown cultivar. After 3 years of seed 
increase. the General Seed Multiplication Organization in Syria started distributing seed of these 
new cultivars to farmers asfrom the 1989190 crop season. 
Further research has resulted in the identification of FLIP 82-150C with a higher level of 
resistance to cold and asc()chyta blight and better seed yield than Ghab I and Ghab 2. and ;s 
under consideration for release. Four years of yield testing numerous lines has helped in 
selection of FLIP 84-15C with a 100-seed mass of 46 g against 38 g for the local variety. This 
new line has produced higher yields than Ghab I and Ghab 2 and is now in on-farm trials. With 
these cultivars available it is expected that winter sowing of chickpea will spread and increase 
productivity and stabilize production in Syria. 
Resume 
Pois chiche d'hl'f'er en Syrie: Le pois chiche (Cicer arietinum L.) est une importante legumi-
neuse aJimentaire en Syrie. JJ est seme au debut de la saison de printemps (mars-avril) et recoJte 
en ete (juin-juilJet) dans les zones pluviales qui ont 3(}() a 500 mm de pluviosite annueJJe. En 
raison de fortes variations de la q uantite et de la repartition des pluies, les superficies semees en 
pois chiche de printemps fluctuent entre 25 000 et 90000 ha. Le pois chiche local est de bonne 
qUalite et est adapte aux conditions de secheresse, mais a un faible rendement. Donc, pour 
ameJiorer I 'utilisation des pluies d 'hiver pour la production de pois chiche, les semis d 'hiver ont 
ete essayes. Les cultivars locaux de pois chiche etant sensibles a la fletrissure ascochytique, les 
genotypes obtenus de I'ICARDA ont ete evalues pour la resistance aux maladies afin de 
selectionner ceux qui conviennent aux semis d'hiver. 
Le travail sur Ie pois chiche d'hiver depuis 1979 a permis de vulgariserdeux genotypes en 
1986:(l)ILC482(ex-Turquie)souslenomdeGhabl,et(2)ILC3279(ex-URSS)sous Ie nom 
de Ghab 2. Ces deux cultivars conviennent aux regions A pluviosite annuelle de 3(}() A 550 mm; 
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ils dsistent mieux au froid et A la fletrissun: ascochytique que Ie pois chiche local et peuVt:nt 
atn: dcoltes m&:aniquement. Les n:ndements de Ghab 1 etaient de 1,37 t ha-I et ceux de Ghab 
2 etaient de 1,07 t ha- I, avec Ie semis d'hiver, contn: 0,84 t ha-I pour Ie cultivar local seme au 
printemps. Apres trois annees d'augmentation des semences, l'Organisation Generale de 
Multiplication des Semences en Syrie a commence A distribuer des semences de ces nouveaux 
cultivars aux paysans A partir de la campagne de cultun: de 1989/1990. 
De nouvelles recberches ont pennis dYdentifier FLIP 82-15OC A niveau plus eJeve de 
resistance au froid et A la fletrissun: ascocbytique aiDSi qubn meilleur rendement en graines 
que Ghllb 1 et Ghab 2. La vu/gllrislItion de cette lignee est envisagee. Quatre annees d bsais de 
n:ndement de nombn:uses lignees ont pennis de selectionner Ie FLIP 84-1 5C IIvec une masse 
de 100 graines de 46 g contre 38 g pour la variete locale. Cette nouvelle lignee a foumi de 
meilJeurs n:ndements que Ghab 1 et Gbab 2 et est actuelJement aux essais en milieu paysan. 
Avec ces deux cultivars, on pdvoit que les semis d'hiver du pois cbiche se dpandront et 
augmenteront la productivite et stabiliseront la production en Syrie. 
Status of Chickpea Production in Iraq 
A.I. Abbasi 
Abstract 
Chickpea (eieer arietinum L.) is the second most important food legume after faba bean in Iraq. 
Its cultivation is concentrated in the northern part of Iraq including Sulaymania, Dohok, Arbil, 
and Nainava provinces. It is mainly grown as a rainfed crop, but the possibility of growing it 
with supplemental irrigation is being explored. Chickpea is grown over an area of 14000 ha. 
However, chickpea cultivation has continuously declined mainly due to the lack of improved 
cultivars and cultural practices, and difficulties encountered with crop mechanization. The 
average seed yield in the last 10 years has been 0.74 t ha· l , but yields up to 1.7 t ha·1 have been 
obtained at experiment stations. 
Local chickpea production meets only 6.4% of the total consumption; the remaining 93.6% is 
met by import. The strategy to meet Iraq's chickpea demand is twofold: (a) through the 
development of improved cultivars and production practices; and (b) through the replacemenl of 
fallow in cereal-fallow rotation. The past research effort has helped to idenlify four chickpea 
cultivars, namely ILC 482, ILC 3279, FUP 82-J69C, and FUP 81-293C that are suitable for 
winter sowing and are capable of producing high yields. Out of 500 000 ha rainfed area, 166 
500 ha remains fallow. There ;s a possibility that 20% of the fallow land, or 33 300 ha, could be 
brought under chickpea cultivation provided seed of improved cultivars can be produced and 
that the crop can be properly mechanized. When this happens, two-thirds of Iraq's need will be 
met. 
Bllm de Ja production de poh cbJdJe en Ink : Le pois chiche (Cicer arietinum L.) est la 
deuxieme legumineuse aJimentaire la plus importante apres Ie haricot faba en Irak. Sa culture 
est conantret: dans la partie nord de I'lrak, y compris les provinces de Sulaymania, Doho!, 
Arbil et Nainava. II est surtout exploite comme culture pluviale mais la possibiJite de culture 
avec I 'irrigation supplementaire est a I'i:tude. Le pois chiche est cultive sur une superficie de 
14 (}()() hectares. Toutefois, la culture a baisse de maniere continue, surtout en raison du 
manque de cultivan et de pratiques culturales ameJiores et des difficultes rencontdes lors de la 
mecanisation de la culture. Le rendement moyen en grains des dix demieres annees a ete de 
0,74 t ha- I, mais des rendements allant jusqu:i 1,7 t ha- I ont ete obtenus aux stations 
experimentales. 
La production locale de pois chiche ne couvrr: qu't:nviron 6,4% du total de la consomma-
tion; les 93,6% restant sont couverts par les importations. La strategie pour repondre ala 
demande de pois chiche de I'lrak est double: (a) par la mise au point de cultivan et de pratiques 
de production ameJiores; et (b) par Ie remplseement de la jachere dans la rotation «reale-
jachere. Les derniers efforts de recherches ont aide a identifier quatre cultivars de pois chichi:, A 
savoir ILC482.ILC ]279, FLIP 82-169Cet FLIP81-29]C, quiconvielUJent aux semi8d'hiver 
et peuvent produire des rendements eleva. Sur 500 (J(J() ha de supemcie pluviale, 166 500 ba 
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demeurent enjachere.ll est possible que 20% de la terre sousjachere, soit 33 300 ha, pourraient 
servir A la culture du pois chiche. A condition de pouvoir produire des semences de cultivars 
ameliores et que la culture soit adequatement mecanisu. Lorsque eela se produira, les 
deux-tiers des besoins de l1rak seront satisfaits. 
Problems and Solutions of Chickpea Production in Iran 
B. SadrP and A. Kahrobaian1 
Abstract 
Some 18 x J(P ha out of approximately 1610 x 1(1 ha in Iran are cultivated. Owing to insufficient 
moisture. one-third of the cultivated area. is left fallow each year. The area devoted to food 
legume production is 509 000 ha per annum. 
Chickpea (Cicer arietinurn L.) is the most important food legume grown. occupying 316 000 
ha. Chickpea is grown mostly as a rainfed crop (275 000 ha). although some 41 000 ha is 
raised under supplemental irrigation. The crop is sown at high elevations during March and 
April and harvested during July and August. The major limiting factors in chickpea production 
are lack of high-yielding cullivars, terminal drought stress. and the crop's unsuitability for 
mechanization. 
Research on chickpea is conducted at 18 experiment stations spread across the country. The 
main objective is to increase seed yield through the development of cultivars that are resistant to 
diseases. drought. cold. and seed shattering, mature early. are suitable for machine harvesting, 
and meet consumer acceptance. So far, four improved cultivars have been released; two kabuli 
types known as Jam and Koorosh. and two desi types Kaka and Perooz. Some suggestions for 
increasing chickpea production include interaction with the international agricultural research 
centers (especially for obtaining improved germplasm and training). popularization of improved 
cultivars and technologies through pilot farms. mass media and training of farmers. and the 
introduction of cereal fallow rotation of chickpea on fallow land. 
Resume 
Problemes et solutions de I. production de pois chlche en lnuJ : Environ 18 It 1()6 ha, sur 
environ 1610 x 106ha a 1 'Iran sontcultives. En raisondelYnsuffisanced1Jumidite, un tiersdela 
superficie cultivee est laissee en friche chaque annee. La super/icie consacree a la production de 
lcgumineuses alimentaires est de 509 000 hectares par an. 
Le pois chiche (Cicer arietinum L.) est la legumineuse alimentaire la plus importante qui soit 
cultivce, occupant 316000 hectares. Le pois chiche est cultivc surtout sous Ie regime pluvial 
(275000 hal bien qu 'environ 41 000 ha soient cultives avec I~rrigation supplementaire. La 
culture est semee aux altitudes elevees en mars et avril et recoltee enjuillet-ao(Jt Les principaux 
facteurs limitants de III production du pois chiche sont Ie manque de cultivars A haut 
rendement, Ia contrainte de secheresse terminale et Ie fait que cette culture ne convient plU A /a 
mecanisation. 
Les recherches sur Ie pois chiche sont entreprises a 18 stations experimentales replJlties A 
travers Ie pays. Le principal objectif est d 'accroltre Ie rendement en grains par la mise au point 
de cultivars resistants aux maladies, a la secheresse, au froid et a 1~/atement des semenCt:S, 
tout en ayant une maturation precoce, convenant A la reeolte mCcanisee et satisfaisant la 
preference des consommateurs. Jusqu:t present, quatre cultivars ameliores ont ete vulgarisCs: 
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deux types 'kabuJi: denommes Jam et Koorosh, et deux types 'desi: Kaka et Perooz. Quelques 
suggestions pour 1 'augmentation de la production de pois chiche comprennent l'interaction 
avec les centres internationaux de recherches agricoles (surtout pour obtenir des ressources 
genetiques ameJiorees et la formation), la popularisation de cultivSTS et de technologies 
ameliores par le moyen d>exploitations-piJotes, l'usage des moyens de masse et la formation 
des cultivateurs, ainsi que 1 ~ntroduction de la rotation cereaJe-jachcre de pois chiche sur terre 
en friche. 
Winter Sowing: A Major Breakthrough in Chickpea 
Production in Cyprus 
A. Hadjichristodoulou· 
Abstract 
Traditional/y, chickpea (Cicer arietinum L.) has been sown in spring in Cyprus because the local 
cullivar is susceptible to Ascochyta rabiei. Winter-sown chickpea in the absence of ascochyta 
blight gives at least double the yield of spring-sown chickpea. During an epidemic year, the yield 
of the winter-sown local cultivar can be zero. 
During 1979, a program was initiated aiming at selection of tal/. ascochyta bUght resistant, 
high-yielding cultivars suitable for winter sowing and mechanical harvesting. It also aimed at 
selecting lines having large seeds (/OOO-seed mass >300 g) white to beige in color. The material 
screened was received from ICARDA. Two cultivars were released. One [LC 3279 (named 
Yialousa) has good cooking qualities. is tall (50-60cm under rainfed conditions). and is 
ascochyta blight resistant. but irs seeds are relatively small (/OOO-seed mass 228 g compared to 
262 g of the local), Another flew cultivar. ILC 464 (named Kyrenia ) was released in 1988. 
Compared with Ihe local cultivar the grain yield is 23% higher, the grain size 42% greater. and 
the plant height 7 cm more. It is also more resistant to ascochyta blight. However. Kyrenia is 
more susceptible to ascochyta blight than Yialousa. In recent tests a new promising line. FUP 
85H JOC, obtained from [CARDA. out-yielded fialousa by 20% and Kyrenia by 6%. It is ta/l (59 
cm), has large seeds (/OOO-seed mass 338 g) and is resistant to ascochyta blight. 
Studies on the association among traits under Mediterranean rainfed conditions revealed first. 
that yield was negatively correlated with days to flowering (r = -0.85). Second. yield was 
positively correlated with number of pods per plant (r = 0.90), with plant height (r = 0.72) and 
with /OOO-seed mass (r = 0.35). Third. early flowering lines produced more pods (r = -0.8) and 
were taller than late lines (r = -0.6). Fourth. plant height was positively correlated with number 
of pods per plant (r = 0.73), and /ODD-seed mass (r = 0.39). Final/y, the number of pods per 
plant was positively correlated with /OOO-seed mass (r = 0.32). It is concluded that selection for 
early, tall genotypes in dry Mediterranean conditions will positively affect yield components such 
as number of pods per plant. /OOO-seed mass, and seed yield. 
Resume 
Semis d'll;ver-un grand ptu pour I. production du pols cbicbe. Cbypre: TraditionneDe-
ment, Je pois cbicbe (Cicer arietinum L.) a ete cultive A Cbypre comme culture A semis de 
printemps, para: que Je cultivar Jocal est sensibJe A I~scochyta rabiei. Le pois cbicbe seme en 
biver en 1 'absence de Ia f1etrissure ascocbytique lournit un rendement au moins deux lois plus 
important que celui du pois cbicbe A semis de printemps. Pendant une ann6t: d'epidemie. Ie 
rendement du cultivar local A semis d71iver peut !tre zero. 
En 1979, un programme a ete orgaItiae, visant A Ia selection de cultivars grands, resistant A Ia 
f1etn'ssure ascocbytique et A haut rendement, convenant aux semis d71iYer et A Ja r6coJte 
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mecanisee. 11 s 'sgit aussi de selectionner des lignees A gros grains (masse de 1 (}()() grains> 300 g) 
decouleur blanche ou beige. Le materiel cribJe a ete refu de l1CARDA. Deux cultivars ont ete 
vulgarises. Le ILC 3279 (appele Yialousa) a une bonne qualite de cuisson; jJ est grand (50-60 
cm sous culture pluviale), et resistant A la fJetrissure ascochytique mais ses graines sont 
relativement petites (masse de l()()() graines = 228 g contre 262 g pour la variete locale). Un 
autre nouveau cultivar, ILC 464 (denomme Kyrenia) a ete vulgarise en 1988. En comparaison 
avec le cultivar local, le rendement en grains est superieur de 23%, la taille des grains est 
superieure de 42%, et la hauteur de la plante, 7 cm de plus. 11 est aussi plus resistant A la 
fJetrissure ascochytique. Toutefois, Kyrenia est plus sensible A la fJetrissure ascochytique que 
Yialousa. Dans des essais recents, une nouvelle ligne prometteuse FLIP 85H 10e, obtenue de 
J'ICARDA, a fourni un rendement superieur de 20% A celui de Yialousa et de 6% A celui de 
Kyrenia. Cette variete est grande (59 cm), a de gros grains (masse de 1000 grains = 338 g) et 
resiste A la fJetrissure ascochytique. 
Des etudes sur 1 'association entre les caracteres dans des conditions de culture pluviale dans la 
region de la Mediterranee ont revele, premierement, que le rendement a presente une correla-
tion negative avec le nombre de jours jusqu ~ la fJoraison (r = -0,85). Deuxiemement, le 
rendement presentait une correlation positive avec le nombre de gousses par plante (r = 0,90), 
avec la hauteur de la plante (r = 0,72) et avec la masse de l()()() grains (r = 0,35). Troisiemement, 
les lignees A fJoraison precoce produisaient davantage de gousses (r = -0,8) et etaient plus 
grandes que les lignees tar dives (r = -0,6). Quatriemement, la hauteur de la plante presentait 
une correlation positive avec le nombre de gousses par plante (r = 0,73), et avec la masse de 
l()()() grains (r = 0,39). Finalement, le nombre de gousses par plante presentait une correlation 
positive avec la masse de l()()() grains (r = 0,32). La conclusion est que la selection pour des 
genotypes precoces et grands dans des conditions seches de la Mediterranee aura un effet 
positifsur les composants du rendement, comme le nombre de gousses par plante, la masse de 
1000 grains et le rendement des grains. 
Status of Chickpea (Cicer arietinum) in Afghanistan 
A. HabibP 
Abstract 
Food grain legumes are important in various parts of Afghanistan. They occupy 44 000 ha of 
land and produce about 38 000 t annually. The yields are relatively low at 0.86 t ha-/ due to lack 
of improved varieties and poor cultural practice. 
Chickpea is grown mainly in Takhar, Bulkh, Herat, Kunduz, Badukhshan, Kandahar, and 
Miamuna provinces as a rainfed crop, occupying about 60% of the total area of food grain 
legume crops in the country. 
There is scope for increasing the area under food grain legumes especially chickpea because 
of the high price of animal protein. 
Various chickpea landraces grow isolated at different altitudes. ranging from 300-24/0 m 
while wild species occur at 900-5600 m as/. 
Chickpea research started in 1975_ For 2 years we have been receiving useful seed material. 
especially cold-Iolerant chickpea, from ICARDA and also some material from ICRISA T. Although 
our research activities are limited, varietal trials during 1986-1988 under dryland conditions 
enabled us to identify the variety ILC 260 from Turkey a.fi a good producer. The average yield 
was 2.99 I ha'/ compared with 1.66 t ha· l for the local chickpea. Our recent research efforts at 
Darul-Aman Agricultural Research Station resulted in the identification of two winter chickpea 
varieties: FUP 86-33C and ILC 482 (used as a long-term control variety in Turkey); both these 
varieties were selections from CISN-W-1987. Winter sowing gives higher yields than spring 
sowing. 
Resume 
Bil.n du pois cbicbe (Cicer arietlnum) en AigbuistlUJ : us legumineuses alimentaires sont 
importantes dans differentes parties de l'Afghanistan. Elles occupent 44 000 hectares et 
produisent environ J8000 tonnes par an. us rendements sont relativement faibles, de l'ordre 
de 0,86 t ha-1, en raison du manque de varietes ameliorees et l'emploi de pratiques culturales 
inefficaces. 
Le pois chiche est surtout cultive dans les provinces de Takhar, Bulkh, Herat, Kunduz, 
Badukhshan, Kandahar et Miamuna, comme culture pluviale, occupant environ 60% de la 
superficie totale de legumineuses alimentaires dans Ie pays. II serait possible d'augmenter la 
superficie plantee en legumineuses alimentaires, surtout de pois chiche, en raison du prix e/eve 
de la proteine ani male. 
Diverses varietes locales de pois chiche se trouvent de maniere isolee a differentes altitudes, 
variant entre J()() et 2410 m, tandis que les especes sauvages se trouvent entre 900 et 5600 m 
au-dessus du niveau de la mer. 
La recherche sur Ie pois chiche a commence en 1975. Depuis deux ans, nous recevons des 
semences utiles, particulierement de pois chiche tolerant au froid, en provenance de 
I1CARDA, ainsi que du materiel de I1CRlSA T. Bien que nos activites de recherches soient 
restreintes, les essaIs varietaux en 1986/88 dans des conditions pluviales nous ont permis 
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d'identifier la varieteILC 260 de la Turquie comme etant un bon producteur. Le rendement 
moyen a etede 2,99 t ha-J, contre /,66 t ha-J pour Ie pois chiche local. Nos efforts de recherches 
recents A la station de recherche agricole de DaruJ-Aman ont permis d ~dentifier deux varietes 
de pois chiche d7Jiver : FLIP 86-JJC et ILC 482 (employe comme une variete temoin A long 
terme en Turquie); toutes les deux varietes etaient des selections obtenues de CISN-W-/987. 
us semis d7Jiver donnent des rendements superieurs aux semis de printemps. 
Session 7 
Transfer and Exchange of Technology 

EtTective Networking in International Agricultural Research 
N.J.H. Smith I, D.L. Plucknett1, and S. Ozgedizl 
Abstract 
Networking has penetrated virtually all fields of agricultural research. from farming systems 
research to the screening of crop germplasm. Networks can greatly facilitate research if certain 
principles are adhered to and pit/ails avoided. Fourteen principles for effective networking are 
provided as a backdrop to an analysis of some of the more common problems associated with 
networks. The main purpose of the paper is to help provide guidelines to make networks more 
efficient and to highlight remedial measures when problems occur. 
D~s res~.ux ~mC.CH d.ns J. r«h~rch~ .,rJco/~: Le systeme de reseaux. a ¢netre virtuelJe-
ment dans tous les domaines de recherche agricole, depuis la recherche sur les systemes 
d ex.ploitation jusqu au criblage du pool genique des cultures. Les reseaux. peuvent largement 
faciliter la recherche, si 1 'on respecte certains principes et si 1 'on evite certains pieges. Quatorze 
principes sonl fournis en vue de l'etablissement efficace de dseaux., servant de toile de fond A 
1 analyse de certains des problemes les plus fdquents associes au reseaux.. Le principal objectif 
de celie communication est d'offrir des lignes directrices permellant de realiser des reseaux. 
plus efficaces et de souligner des mesures de redressement pour faire face aux. problemes qui se 
posent. 
Networking appeals to scientists because they can 
share infonnation, ideas. and technologies more read-
j/y than if they work in iso/alion. The idea of dividing 
research tasks. visiting each others' study sites. and 
participating in regular workshops is attractive to them. 
Networking in international agricultural research traces 
its origins to several disease screening nurseries for 
wheat in the early I 950s, and has recently burgeoned 
into a truly global phenomenon. 
Oi) material exchange networks. mostly used for shar-
ing crop gennplasm and agricultural machinery; (iii) 
scientific consultation networks. in which minor ad-
justments to pre-existing research programs are made; 
and (iv) collaborative research networks which involve 
joint planning and a major reorientation of research 
(Plucknett et al. in press), 
Hundreds of networks and sub-networks link agri-
cultural scientists all over the world. Networks have 
fonned to further research in many fields. ranging from 
screening crop gennplasm to better understanding of 
livestock diseases. Four main types of network have 
evolved to meet the increased desire for cooperation 
among scientists: (i) infonnation exchange networks; 
Although networks are benefiting agricultural re-
search. their proliferation could overload already the 
understaffed and underfunded national agriculture re-
search systems (NARS) and detract from the efficiency 
of research. Networking consumes time and resources, 
and scientists are likely to abandon collaborative re-
search efforts if payoffs do not ensue. A review of 
principles for effective networking and some widely 
shared problems associated with international agricul-
I. Professor. Depanment of Geography. University of Florida. Gainesville. Fl 32611. USA. 
2. Scientific Advisor. and Management Advisor. Consultative Group on International Agricultural Research (CGIAR). World Bank. 1818 H 
St, NW. Wuhington. OC 20433. USA. 
Citation: ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Chickpea in the Nineties: proceedings of the 
Second InternationaJ Workshop on Chickpea Improvement. 4-8 Dec 1989. ICRISAT Center. India. Patancberu. A.P. SOl 324. India: 
ICRISAT. 
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tural research networks will help scientists and admin-
istrators avoid pitfalls and improve the efficiency of 
their research. 
Principles for Success 
Successful networking requires: 0) the identification 
of a widely shared problem; (ii) self-interest to moti-
vate participants; (iii) involvement by participants in 
planning and management of the network; (iv) clear 
definition of the problem or focus of the network; (v) a 
base-line study to produce an authoritative founding 
document; (vi) a realistic research agenda; (vii) flexible 
research and management; (viii) constant infusion of 
new ideas and technologies; (ix) regular workshops or 
conferences to provide opportunities to assess progress 
and discuss issues; (x) collaborators to contribute re-
sources; (xi) outside funding to facilitate travel, train-
ing, and meetings; (xii) collaborators with sufficient 
training and expertise to contribute effectively; (xiii) 
relatively stable network membership. and (xiv) effi-
cient and enlightened leadership. 
Not all of these principles have to be followed to 
ensure a successful network, but they are especially 
pertinent for material exchange, scientific consulta-
tion, and collaborative research networks. 
Problems and Remedial Measures 
Although networks are proliferating and evidently 
benefit research in agriculture and other scientific fields. 
even the most successful ones encounter problems. 
Indeed. the spectacular progress of some of the more 
dynamic networks may attract so many adherents and 
add on so many projects that research programs be-
come unwieldy. Some of the problems explored here 
can be attributed to departures from basic networking 
principles outlined above. 
Problems encountered in agricultural networks can 
be grouped roughly into three broad categories: (i) 
research quality, which relates to the conduct and 
quality of research, particularly methodological issues, 
uneven feedback of results from collaborators, data 
management, priorities and scope of the research agenda, 
planning, and proper characterization of study sites; (ii) 
personnel issues- such as rapid turnover of partici-
pants, the paying of collaborators, and language barri-
ers; (iii) institutional problems, including such aspects 
as disbursing arrangements for funds. and associated 
accounting difficulties, the potential of networks to 
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distort national programs. and inadequate credit and 
extension services to convey technology to farmers. 
Research Quality 
Quality of data or other products is a concern in some 
material exchange, scientific consultation, and col~ 
laborative research networks, particularly those deal-
ing with international nurseries and agricultural ma-
chinery. Two components of research quality are ana-
lyzed here; acquiring and processing sufficient data to 
make research progress and reach reasonable deci~ 
sions, and the qual ity of the information itself. 
Communications Problems. Occasional dissatis-
faction about the quality of communications has arisen 
in material exchange, scientific consultation. and col-
laborative research networks. Communication diffi-
culties result from lack of motivation among partici-
pants and unreliable mail services. Many national 
programs in developing countries cannot make interna-
tionallelephone calls, or use courier and telex services 
due to budget constraints. Mail delivery in many coun~ 
tries is sporadic and untrustworthy. Courier firms are 
more reliable, but expensive. Some network sites have 
no telecommunication or mail services. International 
agencies can often facilitate communication by allow-
ing network participants to channel communications 
through their offices. 
Inrormation Processing. Inefficient processing of 
information can retard the progress of a network. Infor-
mation management is essential for effective network-
ing. In the past. the Asian Rice Farming Systems 
Research Network (ARFSN) was plagued by the lack 
of an efficient computerized data management system. 
At the 18th meeting of the Working Group of ARFSN 
held in Pakistan in 1987. agreement was reached among 
collaborators to reduce differences in the way data 
emanating from networking trials are processed. 
The falling price of computers and the increased use 
of satellites for telecommunication are improving data 
processing and opening up electronic mail services 
worldwide. Electronic mail allows instant communica-
tion between participants at a fraction of the cost of air 
couriers, telephone calls, or telexes. 
Inadequate Responses. Some networks suffer from 
poor feedback. particularly during their early stages. In 
the 7th International Pearl Millet Adaptation Trial 
(IPMA T) in 1981. for example, seed packets were sent 
to 47 locations in 14 countries, but the coordinating 
body in India, the International Crops Research Insti-
tute for the Semi-Arid Tropics (lCRISAT), received 
results from only 25 locations in 8 countries (ICRISA T 
]984, p. 2). At one stage the International Maize and 
Wheat Improvement Center (CIMMYT), coordinator 
of the International Bread Wheat Screening Nursery 
(IBWSN), was obtaining feedback from only 36% of 
the sites participating in the global network (Dubin and 
Rajaram 1982). Low returns from international nurser-
ies are due to a variety of resource and program difficul-
ties. 
On the human resource side, weak motivation of 
panicipants is particularly relevant. Excuses for not 
performing one's part range from lack of fertilizers to 
insufficient land for testing, but scientists will always 
find room, funds, or manpower for a project that inter-
ests them and is likely to bring them tangible benefits. 
Participants in international nurseries and other net-
works are keener when they see clear payoffs from 
collaboration. 
Participation in international nurseries would be 
keener iffewer trials were burdened with lines that have 
not been properly checked out in advance. National 
scientists sometimes complain that too much "junk" 
germplasm is fed into international nurseries. More 
prescreening of materials would reduce the amount of 
poor-yielding or vulnerable lines incorporated into 
international nurseries. For ex.ample, the International 
Rice Research Institute (IRRI), coordinator for the 
International Rice Testing Program (IRTP), pre screens 
rice lines for rainfed conditions by orchestrating obser-
vational and yield nurseries in the Philippines, North-
east Thailand, and Bangladesh. From observational 
trials involving several hundred entries only the best 
performers qualify for IRTP yield trials. 
It is also possible to improve the proportion of 
nursery sites reporting results to the coordinator by 
issuing preliminary reports of early returns. By alerting 
participants about outstanding performers before all 
results are tallied and analyzed, collaborators have time 
to request superior lines for the next test cycle. To speed 
up reporting of results and entice fuller cooperation, 
ICRISA T began using a computer in 1983 to issue 
preliminary results of IPMA T trials. 
Data Quality • Even when collaborators in an 
u.m.tionaI nursery repon back results, lhe data may 
aat always be reliable. The IRTP coordinator carefully 
chec:b all data returns from nursery sites. Sev.ral tests 
an: performed on the returns, such as checkill8 coeffi-
cients of variability, to detect impossible yield figures 
or unlikely scores on susceptibility to diseases and 
pests. In 1975, only 30% of IRTP returns were consid-
ered reliable; but by 1985, some three-quarters of the 
nursery results were found to be acceptable (D. V. 
Seshu, personal communication). 
Variable Research Methodology. Quality does not 
only apply to networks dealing with germplasm screen-
ing. Networks whose primary product is research infor-
mation can also suffer from uneven research output 
from participants. Fanning systems research in eastern 
and southern Africa still leaves much to be desired in 
spite of sustained training efforts by CIMMYT staff. 
The indifferent quality of some farming systems re-
search in the region has hampered progress of the 
CIMMYT Eastern and Southern Africa Economics 
Program. The Southeast Asian Universities Agroeco-
system Network (SUAN), another scientific consulta-
tion network focusing on farming systems research, has 
also had problems with deficient data collection and 
sloppy analysis (Rambo and Sajise 1985). 
Whenever possible, networks should adopt a com-
mon, or at least very similar, methodology. The meth-
odological approach does not have to be a straitjacket 
however, and scientists should be allowed some leeway 
to adapt research to local conditions. But ifparticipants 
stray too far from a commonly acceptable way of 
conducting the joint research effort, results may not be 
comparable. 
Examples of research difficulties arising from using 
different methodologies can be drawn from a variety of 
networks. In the case of the International Network on 
Soil Fertility and Sustainable Rice Farming (INSURF), 
IRRI took on the responsibility of analyzing soil samples 
because several national programs used different tech-
niques for assessing soil chemical and physical proper-
ties (Mamaril 1985). 
Characterization of Study Sites. The proper char-
acterization of study sites is often overlooked in re-
search in networks. Unless the areas are properly 
described, results may not be comparable and extrapo-
lations are risky. Accurate characterization of research 
locations is particularly vital to international nursery 
work and soil networks. 
Improper identification of environmental parame-
ters at research sites has been a problem in some soil 
fertility and gennplasm testing networks (Greenland et 
al. ] 987). Careless surveys of the chemical. physical. 
and climatic conditions of sites can lead to soil manage-
ment recommendations that do not hold up in others 
that were thought to be 'similar' areas, or to crop yields 
that do not match results obtained from other sites in the 
nunery. One of the functions of the coordinator of the 
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International Benchmark Sites Network for Agrotech-
nology Transfer (IBSNA T) is to assist collaborating 
countries to properly identify soil sites within the 
network. 
Soil identification is a problem for quite a few 
networks. Several soil classification systems are still in 
use worldwide, ranging from FAO/UNESCO's system 
to the United States Department of Agriculture (USDA) 
Soil Taxonomy. Rough equivalents can usually be 
found in each system, but precise analogs are difficult 
to establish. The USDA Soil Taxonomy is the finest-
grained classification system and has the additional 
merit of using a scientific binomial nomenclature that 
follows clearly defined subdivisions. For these rea-
sons, it has become the most widely used soil classifi-
cation system since the early 1970s. But it has draw-
backs for instance, it was devised for temperate cli-
mates and does not always work well in tropical envi-
ronments (Whitmore 1985). Resistance to the compli-
cated nomenclature of Soil Taxonomy, will decline as 
more scientists become familiar with the terminology. 
Network Control. Networks must have clearly 
defined aims and be based upon realistic research 
agendas. The most successful networks run the greatest 
risk of departing from these principles because their 
high profile and achievements inevitably auract more 
followers and can lead to over ambitious research 
agendas. As a network grows. new collaborators often 
lobby to add more research projects. The balance 
between flexibility and disciplined adherence to an 
established research program is delicate. Networks are 
expected to evolve, take on new chaIJenges, and follow 
fresh lines of inquiry. But if more and more tasks are 
taken on without others being completed or dropped, 
the enterprise can become overloaded and may stalL 
Not only are managerial problems more likely with 
larger networks, but the research thrust can become 
diffuse. 
One solution is to create separate networks to tackle 
items that do not match, or at least complement. the 
original research agenda. Here we run into the dilemma 
of whether to lump or split networks. Packaging dispa-
rate topics into a single research enterprise is tidier for 
administrators, but may not make sense from the re-
search viewpoint. Splitting the larger networks into 
smaller sub-networks. or creating new ones may be 
more sensible in some cases but. when carried too far, 
networks may multiply exponentially. 
Personnel Issues 
starr Turnover . Rapid turnover of participants is 
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high on the list of complaints of those involved in 
networks. The high turnover of potato scientists in 
Honduras. triggered by changes in political leadership 
at the national level, has hampered some projects 
within Program a Regional Cooperativo de Papa 
(PRECODEPA) a collaborative research network fo-
cusing on potato in Central America and the Caribbean. 
A similar problem has been noted with Papua New 
Guinea's participation in Southeast Asian Program for 
Potato Research and Development (SAPPRAD), a 
sister regional potato network operating in Southeast 
Asia. Frequent changes in staff in Ecuador's bean 
research program have hampered participation in the 
14-country Bean/Cowpea Collaborative Research 
Support Program (CRSP). 
Uncertainties and delays caused by excessive staff 
turnover is not confined to national agricultural re-
search programs in developing countries. Scientists on 
temporary assignment to bilateral or larger networking 
activities must eventually return to their institutional 
duty, usually after only brief participation in the proj-
ect. 
When a collaborator leaves a network, a delay usu-
ally ensues until a new member comes on board, and 
becomes familiar with procedures. Rapid turnover of 
participants is especially critical during the early phases 
of networking. One or two individuals often provide 
the catalyst for establishing a network; if they leave too 
soon, the joint effort may stall. 
In developing countries. the best scientists are often 
promoted to occupy administrative posts and so net-
works therefore often lose an appreciable number of 
members at a critical state. Once promoted to executive 
positions. scientists are usually cut off from the front-
lines of research and rarely resume their scientific 
careers. However well organized, the ultimate success 
of a network rests largely on the quality of its members. 
Training . Better training facilities and more 
rewarding careers in the agricultural sciences are cru-
cial if the quality of participants in agricultural research 
networks in developing countries are to improve. Sev-
eral developing countries have devoted considerable 
resources to improving the technical capabilities of 
their agricultural research staff. Mexico. for example, 
devotes US$ 2.6 million to postgraduate education for 
agricultural scientists; currently. some 10% of the 
Mexican agricultural research program's 2 200 staff 
have doctorate degrees and the proportion is growing. 
Brazil and India have also invested heavily in post-
graduate training for their agricultural research scien-
tists. This policy has enabled such countries to partici-
pate more fully in international networks. 
Institutional and Bureaucratic Problems 
Administration 
Poor planning plagues some networks, panicularly in 
their early stages. Difficulties may occur if a network is 
too informal and no government-level agreements have 
been made to expedite visas and the shipment of equip-
ment and suppl ies. Whenever possi ble. networks should 
remain informal. but as more countries join interna-
tional matel .\1 exchange and collaborative research 
networks, tht: greater the need to formal ize agreements 
between governments. 
Coordination. Network coordinators and steering 
committees also need to pay closer attention to other 
planning matters. such as better coordination and tim-
ing of monitoring tours and training courses. The 
efficiency of some networks with multiple projects 
would be improved if there was better coordination 
among the sub-networks or facets of the main network 
(Greenland et a1. 1987). Sufficient leadtime for all 
network activities is essential for a smooth operation. 
Funding. Funding arrangements pose periodic 
problems in even the most successful and productive 
networks. Two major facets stand out: (i) insufficient 
funds to accomplish the task (a perennial complaint by 
scientists the world over); and (ii) the uneven flow of 
funds. The question of insufficient funds can usually be 
resolved with proper planning, a clear goal and realistic 
research agenda. And most imponantly. some early 
successes will whet the appetite of donors. In an age of 
tightening funds for research. credibility becomes an 
ever more imponant asset. 
The problem of inconsistent funding needs careful 
attention by network coordinators and their advisory 
boards. A research program can be inundated with 
funds at one stage, and then struggle through a pro-
longed period of financial drought. Demands on staff 
time and resources also follow a pattern of peaks and 
troughs. yet funding disbursements are not always in 
rhythm with the variable pace of scientific work. 
Insufficient funds forced the coordinator of the African 
Research Network on Agricultural Byproducts 
(ARNAB) to suspend publishing its newsletter in 1982. 
Fonunately. the funding picture brightened in 1983 
enabling the International Livestock Center for Africa 
(lLCA) to resume publication of ARNAB'snewsletter. 
Shifts in funding procedures, or outright withdrawal of 
suppon. by external donors can also undercut network 
effons. In response to changes in funding policies ofthe 
United States Agency for International Development 
(USAID) in September 1985. for example. the IRRI 
Industrial Extension Network (lIEN) now restricts its 
activiries to the Philippines. 
The sporadic flow of funds for networks is panly due 
to the fact that most material exchange and research 
networks receive external funding from many sources. 
each with different schedules for releasing grants. The 
coordinator of the Trypanotolerant Livestock Network 
has worked out an informal agreement with the budget 
officer at ILCA. the network's coordinating institution. 
so that moneys are available to bridge funding gaps. 
Budget directors are essentially extending loans in such 
instances. and they are usually only prepared to do so 
when the network is performing well and external 
donors are reliable. International funding agencies. in 
lurn. normally deliver on promises and commitments 
when the enterprise they are funding is viable. Flexibil-
ity in the accounting divisions of institutions coordi-
nating networks and quality performances by network 
panicipants can ease the difficulties created by the 
fluctuating nature of scientific funding. 
International agricultural research centers often co-
ordinate international networks because they are usu-
ally fiscally more sound than national programs. ILCA. 
for example. with a 1985 budget of $15.7 million 
provided by 26 donors. had earned an unsecured $1 
million credit line with a commercial bank. Many 
international agricultural research centers have similar 
flexibility to overdraw temporarily their accounts to 
prevent the disruption of research activities. 
Funding flows from donors to networks could be 
evened out by creating some framework for coordi-
nating suppon. At the moment. most donors. including 
multilateral and bilateral agencies. act independently. 
A liaison organization could be set up for each large 
international network. or group of networks. to pool 
funds from external donors and to release them accord-
ing to need. 
Although this idea has some merit. two difficulties 
surface immediately. First. donors may feel that they 
lack suitable control over their contributions. Glory for 
the success of a network may go to the scientists. 
research institutions, and the liaison organization.leav-
ing external donors out of the limelight. Second. this 
additional level of bureaucracy between scientists and 
donors could be counterproductive. Bureaucracies ab-
sorb funds and have a tendency to grow ever larger and 
more complex. The administrative overhead of such an 
organization would inevitably siphon away some money 
earmarked for laboratories, libraries, and field work. 
Member Participation. Prolonged and generous 
financial suppon without appreciable practical contri-
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butions from participants can be counterproductive. 
Inadequate support from national programs has been 
identified as the weakest link in most scientific consul-
tation and collaborative research networks in Africa. 
The West Africa Rice Development Association 
(W ARDA), an international agricultural research cen-
ter based in Bouake, Cote d'Ivoire, has paid member 
countries in the region to supervise rice nurseries. 
Returns from such heavily subsidized nurseries have 
been extremely disappointing; not only have numerous 
sites not reported back data. but the information has 
often proved unreliable. Another problem with paying 
institutions to participate in networks is that collabora-
tion usually ceases as soon as the flow offunds dries up. 
Agricultural research budgets in general have come 
under severe pressure with the global economic down-
turn in the early I 980s. Oil-exporting developing coun-
tries have been especially hard hit by the sharp dip in the 
world price of oil. Indonesia. for instance, slashed its 
operating budget for agricultural research by 50% in 
1985. Such drastic cuts inevitably lead to the elimina-
tion of some projects and the scaling down of others. In 
1986. the Bogor Research Institute for Food Crops 
(BaRf F) was forced to withdraw from participation in 
INSURF even though fertilizers were supplied free. 
Budget shortfalls affect maintenance and purchase of 
vehicles. whilst gasoline and diesel oil shortages pres-
ent obstacles to sustained field research in many devel-
oping countries. 
National Priorities and Policies. Priorities for 
agricultural research. established by national govern-
ments and donor organizations. can help or hinder 
network development. Networks are part of. and sub-
ject to the vagaries and pressures of. the political. socio-
economic. and biophysical environment that surrounds 
them. One reason there are so few agricultural machin-
ery networks, for example. is that many Third World 
governments are understandably uneasy about promot-
ing any technology that might exacerbate already high 
underemployment levels. 
While in some cases government policies may dis-
courage, or at least not foster. certain networks. col-
laborative research ventures do have the potential to 
diston national priorities (Greenland et al. 1987). Vn-
less sufficient care is taken, collaborative research 
networks can sweep national programs into their orbit 
and dominate the national program by drawing away 
resources from other imponant activities, especially if 
pressure to start the network is coming from an external 
donor and if the national programs are relatively weak.. 
Before a national program becomes involved in an 
internationaJ network the relevance and impact of that 
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network on the overall strategy and goals of the national 
program need to be assessed. If self-interest is allowed 
to motivate network participants collaborative research 
undertakings are less likely to distort national programs 
in developing countries. 
Inadequate credit and extension facilities are some-
times a particularly weak link between research and 
products that farmers can use. Insufficient credit and 
extension agents are certainly not problems unique to 
networking; they apply to many agricultural research 
projects. These difficulties are most acute in much of 
subsaharan Africa. but they can also be found in pans 
of Latin America and Asia. In South Sulawesi, Indone-
sia. for example. lack of credit by local banks has 
proved a major stumbling block in the dissemination of 
IRRI-designed hand tractors (Reddy 1984). Such prob-
lems are beyond the purview of network participants 
and coordinators. Government decision makers need to 
be persuaded that improvements in credit and exten-
sion facilities will lead to a better return on the research 
dollar. Brazil is exemplary in this regard; there are 
some 15 000 extension agents as well as 30000 sales-
men for seed and fertilizer companies able to reach 
farmers with new technological advances (Abelson 
and Rowe 1987). 
Conclusions 
With the global proliferation of networks. concern is 
mounting that some networks are redundant and others 
are not very productive. Donors will be looking more 
critically at the networks they support as more midterm 
evaluations of networks are conducted. Two major 
trends to improve the efficiency of networking in 
international agricultural research are well underway: 
improving I inkages between networks to promote cross-
fertil ization of ideas. and incorporation of proposed 
networks as subnetworks within existing large network 
structures. In this manner. redundancy will be reduced. 
By adhering to principles for successful networking 
and remaining alert to difficulties that can arise. scien-
tists in developing countries and industrial nations will 
continue to benefit from joint research efforts. 
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The Future Role of Chickpea Information Management 
Systems 
J.W. Estesl 
Abstract 
Modern computer technology will enable large amounts of data on different aspects of chickpea 
to,be directly accessed by the end-user, instead of relying on catalogs of information produced 
by research centers. Large databases dealing with germplasm, breeding. and other related 
information will be made available on compact disb (CDs) along 'With the dala retrieval systems 
required to search them. The Write-Once Read-Many compact disk technology, and improved 
communications services. will make it cost effective for international and regional research 
centers 10 update these frequently, and distribute the data to their client groups. Catalogs, 
where still required, will be produced regionally from the stored data. Expert systems will use 
these data along with the captured knowledge of chickpea researchers from several disciplines. 
These systems will help researchers to develop breeding strategies, identify diseases, and classify 
new germplasm. 
Resume 
Role futur des s],stemes de gestion de Ifnformation sur Ie pois chiche : La technologie 
informatique moderne permettra A l'utilisateur final d'avoir acces directement A des quantites 
importantes de donnees sur dlfferents aspects du pois chiche, au lieu de se [jer A des catalogues 
d 'informations produits par les centres de recherche. De grandes bases de donnees portant sur 
les ressources genetiques, la selection et d'autres informations relatives seront offertes sur les 
disques compacts, ainsi que les systemes de saisje de donnees necessaires pour y avojr acces. La 
technologie dite "Write-Once Read-Many" du disque compact et des services de communica-
tions ameliores permettront aux centres de recherches jnternationaux et regionaux de pou-
voir, A un coat plus rentable, d'actualiser ces informations frequemment et de distribuer les 
donnees aux groupes clients. Dans Ie cas echeant, les catalogues seront rediges regionalement 
A partir des donnees memorisees. Les systemes experts utiliseront ces donnees ainsi que les 
connaissances enregistrees des chercheurs de pois chiche dans differentes disciplines. Ces 
systemes aideront les chercheurs A mettre au point des strategies de selection, A identifier les 
maladies et A cJasser de nouvelles ressourres genetiques. 
Over the past decade, infonnation related to chickpea 
research such as gennplasm data. pedigree data. and 
results of breeding trials have been k.ept in databases 
stored on computer systems managed by research 
centers. Access to this infonnation has either been 
through the relevant research unit, or through printed 
materials such as gennpJasm catalogs generated from 
the stored infonnation. Within research centers, some 
I. Head. Computer Services. International Crops Research Institute for the Semi·Arid Tropics (lCRISAT). Patancheru. Andhra Pradesh ~2 
324. India. 
lCRISAT Conference Paper no. CP 567. 
Citation: ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Chickpea i.n the Nineties: proceedings of the 
Second International Workshop on Chickpea Improvement. 4-8 Dec 1989. lCRlSAT Center. India. Patancheru. A.P. 502 324, India: 
ICRISAT. 
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online access has been made available to researchers. 
permitting them to directly search for desired informa-
tion. Because of the associated learning difficulties for 
researchers the provider of the data has often been 
asked to conduct searches on behalf of the client. While 
data have been made available to International Agricul-
tural Research Centers (lARCs) and those National 
Agricultural Research Systems (NARSs) with a central 
computing facility on magnetic tape. the majority of 
researchers in developing countries still rely on paper 
documents such as catalogs. Within the past 5 years, 
the use of microcomputers (PCs) in research depart-
ments has led to the development of microcomputer-
based information retrieval systems that can put data 
directly within the reach of local/regional workers. 
However. two problems associated with this prolifera-
tion of microcomputers need to be considered. namely. 
efficient means of delivering the databases to the client. 
and development of systems for information retrieval 
that are simple enough for clients to use with minimal 
training. This paper proposes solutions to these prob-
lems in the short term. and looks at new technologies 
which will permit these data, and additional informa-
tion, to be delivered to clients in different and stimulat-
ing forms. 
Data Delivery 
The standard way of interchanging data between mi-
crocomputer systems is by flexible (or floppy) diskette. 
However. rep Iication costs, storage capacity, and prob-
lems with data reI iability render diskettes unacceptable 
as a vehicle for send ing large databases to clients spread 
over a wide geographical area. Compact Disc, Read 
Only Memory (CD-ROM) technology (van Hartevelt 
1987) which first gained popularity in the audio record-
ing world can also be used to store digital data, and 
overcome the problems of using diskettes. CD-ROMs 
hold 600 megabytes (MB) of data which cannot be 
altered. are insensitive to electromagnetic radiation, 
and can be reproduced cheaply. Further. the high 
capacity of CDs permits the necessary software and 
data to be stored on the same CD. Therefore, clients 
need only equip themselves with a PC and printer, 
along with a CD player to be able to take advantage of 
this packaging. 
The cost of such systems would be of the order of 
$3000 and will be well within the reach of developing 
countries. The main disadvantage is the initial produc-
tion cost, which could be about $5000. Reproduction, 
on the other hand, is a mechanical process and cheap. 
This cost would most likely be borne by IARCs. Within 
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The Consultative Group on International Agricultural 
Research (CGIAR) system. Centro Intemacional de 
Mejoramiento de Maiz y Trigo (CIMMYT) has dem-
onstrated the viability of this approach by producing a 
CD-RO M containing both data on their complete maize 
germ plasm collection, and the databa..o;;e software nec-
essary to search it (CIMMYT 1988). Unfortunately, 
while the data stored on CD-ROMs are not expected to 
change. new annual data will have to be added to the 
distributed databases. However, the high intial cost of 
creating a new CD, coupled with budget constraints, 
precludes the possibility of producing updated data-
bases each year. The faIling prices of laser optical disk 
drives (Fujitani 1984) employing Write Once. Read 
Many (WORM) technology will permit both IARCs 
and NARSs to produce and update information on laser 
disks. While data distributed to clients would still be 
manufactured on standard optical disks. particularly 
where the number of clients is very large. master 
databases on WORM disks can be retained by IARCs 
and N ARSs. These masters can be periodically updated. 
thus providing at least one copy of current data and 
improved software in a region during the period before 
a new master is manufactured for general distribution. 
WORM technology, coupled with improved commu-
nication in the form of emerging packet-switched net-
works in developing countries. will permit timely and 
cost-effective exchange of data between IARCs and 
NARSs. 
The Changing Form of Information 
The databases referred to above provide data and tools 
for generating information from that data. While the 
user interface will be easy to use and will assist the user 
in formulating queries, there is no guarantee that que-
ries so formulated will be complete and take all factors 
into account. For example, a user searching for high-
yielding varieties of chickpeas mayor may not remem-
ber to include geographical factors when formulating 
his query. This type of check was previously done by 
centers of excellence providing information to a remote 
user; now the user must bear that responsibility him-
self. One approach to al1eviating this problem is to 
develop user interfaces that make use of expert-system 
techniques to guide the user (Martorelli 1988). An 
expen system is a piece of software which contains 
imbedded knowledge about a particular problem area 
and has rules for simulating the reasoning process of an 
expert in that area (Smith 1988). In this case, the 
problem area would be factors in selecting chickpeas 
for desired characteristics, and would need to include 
all relevant "knowledge" from breeders, pathologists, 
entomologists, physiologists, and taxonomists. At the 
time the query is formulated, information relating to 
the query, but not specified by the user, will be re-
quested (Bochenski 1989). The queries can be made 
more complete using the stored "knowledge" of the 
experts which would include general principles fol-
lowed by these experts, plus their rules-of-thumb de-
veloped from years of experience in their respective 
fields. There are really two aspects to the process 
described above. First, the expert system could be used 
to help generate a strategy for searching for data with 
desired characteristics based on the "advice" of experts 
and, second, could automatically maintain the relation-
ships between attributes during query formulation. 
Expert systems can also help in taxonomic classifica-
tion and disease identification. It should be noted that 
expert systems developed for use on microcomputers 
are really acting as assistants to the user in finding a 
solution to his problem; they do not necessarily provide 
all the answers. However, a properly defined and vali-
dated expert system does provide assistance that can be 
rendered only by experts, and does it without the travel 
and communication costs. CD-ROM technology is 
now in widespread use in developed countries. The 
price of CD-WORM equipment is decreasing. and its 
use is increasing. Digital Video Interactive (DVI) (GJass 
1989). a new technology. which will not be commer-
cially available until the early 1990s, will further change 
the nature of information delivery. DVI combines 
computer graphics, still pictures. audio, and full-screen 
motion video in an integrated environment controlled 
by a microcomputer. This combined data can be stored 
on a CD-ROM, and computer software can integrate 
this information with the systems described earlier. For 
example. an expert system designed to assist in taxo-
nomic classification and identification. could include 
references to photographs of similar plant material, 
plus a video of the areas in which those materials were 
collected. 
Summary' 
A combination of microcomputer and compact disk 
technologies provides a cost-effective way of provid-
ing large databases to practicing crop scientists 
throughout the world. The large storage capacity of 
CDs permits the inclusion of software to search the 
databases, and can contain expert systems that include 
the collective knowledge of experts in the fields that 
produced the data. These expert systems are used to 
provide advice comparable to that received by direct 
contact. In the future Digital Video Interactive systems 
will permit data to be accompanied by video, pictures, 
and an audio commentary. 
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Chickpea Technology Exchange through Publication 
and Literature Exchange 
LJ. Haravu and J .B. Wills· 
Abstract 
The nature of chickpea literature and problems of its accessibility are described. Allempts at 
ICRISAT and ICARDA in the past to provide a measure of bibliographical control to chickpea 
literature are briefly discussed. The provision of a forum for the exchange and communication 
of in/ormation on ongoing research in chickpea by scientists in national programs by establish-
ing the International Chickpea Newsleller at ICRISAT is highlighted, and an analysis of the 
kind of in/ormation exchanged and users of the newslellers is presented. Work in establishing a 
database of ICRISAT's mandate crops as part of the Semi-Arid Tropical Crops Research 
In/ormation Service (SATCRIS) and the establishment of the 'Chickpea and Pigeonpeas Prompts' 
as a sponsored abstracts service produced by CAB International is described. Other services of 
SATCRIS that promote awareness of and accessibility to chickpea literature are highlighted. 
Possible future directions at ICRISAT in utilizing newer in/ormation technologies for the benefit 
of chickpea workers is discussed. 
Resume 
Echange de technologies de pois chiche par la publication et l'kh.".e de docunlengtion: La 
nature de la documentation sur Ie pois chiche et les problemes de son accessibiJite sont decrits. 
Des efforts faits a I'ICRISA T et a I'ICARDA dans Ie passe pour fournir une certaine mesure 
de controle bibliographique sur la documentation sur Ie pois chiche sont brievement examin-
es. La creation, par la voie d'un bulletin international d'informations sur Ie pois chiche 
(International Chickpea Newsletter), d'une tribune pour l'echange et la communication 
d 'informations sur les travaux actuels sur Ie pois chiche par des chercheurs des programmes 
nationaux, est presentee, suivie d'une analyse du genre d'informations echangees et des 
usagers des bulletins d'information. L 'etablissement d 'une base de donnees pour les cultures 
du mandat de I 'ICRISA T, au sein du Centre d 'information sur les cultures des zones tropicales 
semi-arides (SA TCRIS), ainsi que la mise en place du service de resumes d'a£ticJes Chickpea 
and Pigeonpea Prompts parraine par CAB International sont decrits. D'autres services de 
SA TCRIS qui favorisent la connaissance et l'accessibilite a la documentation sur Ie pois 
chiche sont soulignes. Des orientations futures a I'ICRISA T dans I 'utilisation des technologies 
d'information plus evoluees a l'intention des travailleurs sur Ie pois chiche sont discutees. 
Improving and stabilizing yield and grain quality is the 
prime concern of chickpea researchers. Adaptability of 
chickpea to a wide range of soil and environmental 
conditions requires the research to be conducted in 
several different regions. Research results are reponed 
through annual technical repons, technical manuals, 
I. Manager. Library and Documenlation Services. and Head. Infonnation Services, International Crops Research Institute for the Semi-Arid 
Tropics (ICRISAT). Patancheru. Andhra Prwiesh 502 324. India. 
ICRISAT Conf~nce Paper no. CP .568. 
Cltatioll: ICRISAT (International Crops Rcaean:h Institute for the Semi-Arid Tropics). 1990. Chickpea in the Ninetics: proceedinls of the 
Second International Workshop on Chickpea Improvement, 4-8 Dec 1989, ICRISAT Center, India. Patancheru, A.P . .502 324, India: 
ICRISAT. 
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proceedings of workshops, etc. Access to such valu-
able infonnation is often lost, because it rarely gets 
published in journals. 
The International Crops Research Institute for the 
Semi-Arid Tropics (lCRISA T) and the International 
Center for Agricultural Research in the Dry Areas 
(ICARDA) coordinate their efforts in improving the 
crop as well as in providing bibliographic control. 
Current literature originates mainly from these organi-
zations, and from Indian and some other national pro-
grams. Three major bibliographies ex.ist on this crop 
for retrospective literature. 
1. Chickpea bibliography, 1930to 1974,by K.B. Singh 
and LJ.G. van der Maesen, published by ICRISAT 
in 1977. This is a comprehensive bibliography, that 
includes all traceable literature prior to ] 930. There 
are 3146 references, and approximately 35% of the 
literature covered is nonconventional. An update of 
the bibliography was originally planned to be in-
cluded in the International Chickpea Newsletter, 
but this has proved to be not feasible due to financial 
and other constraints. 
2. An annotated bibliography of chickpea diseases. 
1915-1976. by Y.L. Nene and others, published by 
ICRISA Tin 1978. Diseases and disease resistances 
are known to be the prime factors for yield stability 
of the crop. Hence this bibliography (containing 
331 references) is of great value. Around 52% ofthe 
literature covered is from India and 25% is of a 
nonconventional nature. 
3. An annotated bibliography of chickpea genetics 
and breeding, 19 L5- L 983, by K.B. Singh and others, 
jointly published by ICARDA and ICRISA T in 
1984. This is another major bibliography on the 
crop; it contains 1373 references. 
Serial Publications 
International Chickpea Newsletter 
This has been issued by ICRISA T, twice a year since 
December 1979. as a means of rapid communication 
between research workers throughout the world. This 
current awareness newsletter contains contributions 
selected for their news interest as well as their scientific 
contents. Up to December 1986 selected abstracts on 
chickpea were included. but this service was discontin-
ued when the CAB International (CABI) started its 
abstract service as "CAB Prompts Series: Chickpeas 
and Pigeon peas", It was hoped to start this series in 
1987, However, this was not possible and it com-
menced only in 1988, leaving a gap of one year in the 
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provision of a current-awareness service to scientists 
working with chickpea and pigeonpea. Analysis of the 
contributions of the first 10 issues of the newsletter 
revealed that maximum contributions were from pa-
thology, followed by breeding. The majority of the 
contributions was from ICRISA T, ICARDA, and Indian 
research organizations. 
CAB Prompts Series: Chickpeas and Pigeon peas 
This quarterly current awareness publication was started 
in March 1988. It is produced from the CABI Abstracts 
bibliographic database, published by CABI in associa-
tion with ICRISA T. It attempts to disseminate useful 
scientific and technical infonnation for the benefit of 
researchers in countries ofthe semi-arid tropics (SAT). 
Copies are distributed free to key agricultural libraries 
and individual scientists in SAT countries. 
SATeRIS 
Description 
The Semi-Arid Tropical Crops Infonnation Service 
(SATCRIS) is an integral part of ICRISAT's Library 
and Documentation Services. The project is partly 
funded by International Development Research Centre 
(IDRC) and provides documentation and infonnation 
retrieval services on the crops mandated to ICRISAT 
and other associated areas to users all over the SAT. 
The database at SA TCRIS is developed by using ma-
chine-readable monthly subsets from CABI and AGRIS 
(the International Infonnation System for the Agri-
cultural Sciences and Technology) databases, and lo-
cally generated input including fonnal and semifonnal 
publications of ICRJSAT. The SATCRIS database 
covers the period from 1988 onwards and has the 
potential of becoming the most comprehensive data-
base on chickpea, and other crops of interest to JCRI-
SAT. About 30% of the chickpea literature in this 
database is of nonconventional nature, so enhancing its 
value. The versatile software package BASIS (Battelle's 
Automated Search Infonnation System) is used for 
infonnation storage, retrieval, and dissemination. It is 
planned in the future to make available subsets of the 
SA TCRIS database for use on microcomputers. 
Selective Dissemination orInformation (SOl) Service 
This automated SA TCRIS service regularly alerts sci-
entists to current literature that is likely to be useful to 
them. The service is based on the monthly data re-
ceived from CABI and AGRIS. These data are 
matched against users' interest profiles, which are of 
two types. The first, standard or macroprofiles cover-
ing broad areas, e.g., chickpea breeding, are designed 
to serve a small group of scientists sharing similar 
interests. The second, special or individual profiles, are 
tailored to meet specific requirements of individual 
scientists. The service has built-in feedback, and out-
puts are backed up by a document delivery service. 
Literature Search Service 
This is a retrieval service to provide bibliographic 
references to meet a well-defined demand. SA TCRIS 
staff search the SA TCRIS database, the AGRICOLA 
database on CD-ROM, or external databases in an 
online mode using the DIALOG system in the USA. 
The availability of search results is made known widely 
to enable other users to utilize the search results ob-
tained, and data on searches relevant to chickpea are 
available on request. 
Information Analysis Service 
SA TCRIS collaborates with scientists in producing 
literature reviews, critical evaluations of the literature, 
and information consolidation products on specific 
topics. when funding is available for such work. So far 
no analysis of chickpea literature has been attempted. 
Document Delivery Service 
SA TCRIS services generate requests for photocopies 
of original articles from all over the world. SA TCRIS 
provides single copies of documents in its collection, 
on demand. In addition, it uses national and interna-
tional libraries, depositories, and documentation and 
information centers in order to fulfil requests for copies 
of documents on all the five mandate crops. 
Future Trends in Retrieval and Publica-
tion 
Chickpea researchers can expect to benefit from ad-
vances in information technology now being imple-
mented in a number of primary and secondary publish-
ing organizations concerned with agricultural research. 
While conventional primary documents-research and 
information bulletins in particular-are likely to appeal 
strongly to researchers over the foreseeable future, 
because of the packaged data they contain, it is ex-
pected that more customized publications to client 
requirements will begin to make their appearance in the 
next 5 years. Such a shift will become possible because 
advances in technology-particularly those that exploit 
the storage capacities of compact disks~ffer publish-
ers the opportunity cheaply to create ad-hoc documents 
that are derived from previously published works and 
relate closely to clients' information requests. In other 
words, where previously researchers were expected to 
spend time in conducting searches for themselves by 
browsing in libraries, it has been accepted that (a) in 
SA T countries this is possible only for the fortunate 
few, and (b) that the majority of national re!.!archers in 
the SAT can be kept fully informed of progress in their 
areas of interest only iflow-cost information technolo-
gies are exploited cost-effectively. Chickpea research-
ers can therefore expect to be beneficiaries of these 
changes, along with other agricultural scientists 
throughout the world. 
Specifically, as networking among legumes re-
searchers becomes more widespread and better funded 
than .. : present, newsletters are likely to become re-
gionalized, and SOl and search services more frequent 
and with narrower subject foci. Conversely, the pub-
lication of books on chickpea subjects is not expected 
to increase greatly, but those that are will be more 
quickly produced, more timely, and better indexed. 
The profe'}sional future for all chickpea scientists is 
therefore one in which any lack of information is 
probably not caused by deficiency in supply but by 
failure to inquire and to utilize. 
317 

The Role of Training 
D.L. Oswalt and B. Diwakarl 
Abstro.ct 
Individualized training programs have been established at ICRISAT Center to develop the 
technical skills and applied research experiences of national scientists. The contents of training 
programs are modified as the level of education and experience of the national staff nominees 
increases. ICRISAT's training programs aim to strengthen the work of national agricultural 
agencies by enabling more national employees to become confident and proficient in utilizing 
improved and sustainable technologies which are adaptable 10 their national research and 
development systems. 
Resume 
Role de la/ormation : Des programmes de formation individualises ont ete etablis au Centre 
ICRISA T pour deveiopper les competences techniques et I 'experience des chercheurs natio-
naux en matiere de recherches appliquees. Le contenu des programmes de formation est 
modifiee en fonction du niveau d'education et d'experience des personnes designees par les 
programmes nationaux. Les programmes de formation de I'lCRISA T ~'isent a renforcer Ie 
travail des organismes agricoles nationaux en permettant a un nombre plus eleve d'employes 
nationaux d' etre confiants et competents quant a l'utilisation de technologies ameliorks et 
durables qui sont adaptables a leurs systemes nationaux de recherche et de deveJoppement. 
The training activities at ICRISA T are designed to 
enhance the transfer of technology to National Agricul-
tural Research Programs. Participants are provided 
opportunities to develop their applied skills and to gain 
experiences in a systems approach to agricultural re-
search. Individuals trained in chickpea improvement 
have increased substantially since 1980 (Table I). 
Postdoctoral Fellows. This program is intended for 
scientists who have recently completed a PhD degree. 
Objective: To provide an opportunity to study and to 
obtain hands-on experience by working with a team of 
senior research scientists in the semi-arid tropics. 
Types of Training and Objectives 
ICRISAT's training programs meet the diverse needs 
of national research programs by establishing the fol-
lowing broad categories of training: 
Research Fellows. This program is for scientists, 
with a MSc, PhD, or equivalent. who are employed in 
leadership positions in a national program. 
Objective: To provide national scientists with an 
opportunity to work with international research scientists 
and to become proficient in recent research and devel-
opment technologies. 
Research Scholars. This is for MSc or PhD degree 
1. Principal Training Officer and Senior Training Officer II, Training Program. International Crops Research Institute for the Semi-Arid 
Tropics (ICRISA T). Patancheru. Andhra Pradesh ~02 324. India. 
ICRISAT Conference Paper no. CP ~69. 
Citation: ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Chickpea in the Nineties: proceedings of the 
Second International Workshop on Chickpea Improvement, 4-8 Dec 1989. ICRISAT Center. India. Palancneru. A.P. 502 324. India: 
ICRISAT. 
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Table 1. Putieipantl in ebiekpea trainJDC proera .... at 
ICRISAT CeDter froID 1974 to 1989, 
Country 1974--79 1980-84 1985-89 
Botswana 
Egypt I 
Ethiopia 3 2 4 
K.enya I 
Malawi I 
Morocco 2 
Niger I 
Sudan 2 5 I 
Uganda 2 
Zambia 
Afghanistan 2 2 
Bangladesh I 7 
India 22 38 23 
Indonesia I 3 
Iran 
Iraq 
Jordan 2 
Malaysia I 
Nepal 1 6 
Pakistan 4 11 
Peoples Republic of 
China 
Philippines 6 
Sri Lanka 7 4 
Thailand 3 5 
Tunisia J 
Turkey 3 
Vietnam 3 
Chile 
Czechoslovakia 
Federal Republic of 
Germany 
Japan 2 
Mexico I 
Netherlands 3 
UK 2 
USA 1 
Total 35 74 95 
candidates from the semi-arid tropics or those inter-
ested in working there. Candidates complete course 
work at selected agricultural universities and conduct 
research for MSc or PhD theses supervised by 
ICRISA T's senior scientists. 
Objective: To give promising students the opportu-
nity to develop competence in technical and manage-
rial skills related to increased and stabilized food pr0-
duction in the semi-arid tropics. 
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In-service Trainees. These full-season (6 months) 
training programs are designed to meet the specialized 
needs of individuals and cooperating institutions. The 
approaches and depths of training are designed for 
scientists. agriculturalists, managers. or others engaged 
in specialized agricultural activities. Academic qual i-
fications vary from a school cenificate to PhD degrees. 
Preference is for applicants under 40 years of age. 
Programs cover the following topics: 
i) Cereals and legumes improvement programs 
provide opponunities to develop skills in plant 
breeding. pathology, physiology, microbiology, 
entomology, biochemistry, and systems man-
agement. 
ii) Production agronomy gives trainees opponuni-
ties to gain practical skills for increasing crop 
production through an integrated approach to 
utilizing social, cultural. and economic factors 
in improving agricultural production. 
iii) Resource management provides opponunities 
to develop research skills in catchment-area 
development for improved land. water, and sys-
terns research management. 
Special Courses. Special courses for I to 9 months 
are conducted in genetic resources, pathology. ento-
mology, physiology, food quality, soil sciences, so-
cioeconomics, watershed management. or research 
station management, and use of scientific English. 
Admission Requirements 
Nominees for an ICRISA T Training Program must be 
recommended by an agency or institution working in 
the semi-arid tropics and be willing to study, conduct 
research, or do field trials in areas compatible with 
ICRISA T's mission and the sponsoring agency's pro-
grams. 
Nomination and Sponsoring Agency 
Candidates are nominated by the agency or organiza-
tion which employs them, or guarantees to employ 
them. 
The candidates are provided funds to cover travel, 
transit allowances, incidental allowance, room, food, 
medical insurance, and other training expenses. 
ICRISA T has a limited number of panial or com-
plete scholarships. Agencies may provide full sponsor-
ship or may apply for ICRISA T assistance on behalf of 
their candidates. 
Accommodation 
Recreation facilities, a large library, single donnitory 
rooms for 140 persons, and 16 furnished flatlets are 
located on the research center campus. 
Follow-up 
The Training Program staff contacts fonner partici-
pants to follow their national research and technology 
transfer activities. Participants are infonned of re-
search developments and achievements through 
ICRISAT's publications, newsletters, supply of ge-
netic materials, and personal visits or communications. 
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The Chickpea Trials Network Model 
H.A. van Rheenen l , R.S. Malhotra1, J.H. Miranda l , 
C.M. Pattanayakl , and D.V. Seshu3 
Abstract 
The initiation and development of ICRISAT's and ICARDA's chickpea trials network is de-
scribed, and special attention is given to the adjustments made over the years, the problems 
faced, and the successes achieved. Possibilities for improvement are considered, and the 
chickpea trials network is compared with networks of two other institutions. 
Resume 
Modele de rese.u des ess.is sur Ie pois cbicbe: L' initiation et Ie developpement du reseau 
d 'essais sur Ie pois chiche de 11CRISA Tet de 11CARDA sont decrits, en portant une attention 
particuJiere sur les ajustements effectues au cours des annees, les problemes rencontres et les 
succes obtenus. Des possibilites d'amelioration sont envisagees et le reseau des essais sur le 
pois chiche est compad avec les reseaux de deux autres institutions. 
For crop improvement in general it is necessary to have 
a sound variety testing program as is emphasized in 
plant breeding handbooks. The area such a testing 
program is to cover depends on the mandate of the 
institution that conducts the improvement program. 
The organization of multilocational testing requires 
an understanding of common interests and an agree-
ment between participants about entries to be tested; it 
also needs dispatch of experimental books and seed for 
sowing. The trial data have to be analyzed, and the 
results coordinated and communicated to all parties in 
order for conclusions to be arrived at on how to proceed 
with the testing program, and eventually to reach a 
decision regarding cultivar recommendation and release. 
International institutes often have been given the 
mandate for coordinating crop improvement worldwide, 
and this has resulted in more interaction, more collabo-
ration, and a more frequent and free exchange of ideas 
and material than in earlier days, for instance, for crops 
such as faba bean and common bean (Summerfield and 
Roberts 1985). 
Here we shall describe how the international chick-
pea trial network developed over the years, what major 
changes took place, what problems were faced, what 
successe~ were achieved, and what improvements can 
be suggested. A general reference is made here to 
International Crops Research Institute for the Semi-
Arid Tropics (ICRISA T) Progress Reports on Interna-
tional Trials and Nurseries (1976-88) and International 
Center for Agricultural Research in the Dry Areas 
(ICARDA) Food Legume Improvement Program's 
International Nurseries Reports 1978-88. 
I. Principal Plant Breeder (Chickpea). Senior Research Associale. Legumes Program. and Principal Coordinator Cooperative Cereals 
Research Network (CCRN). Cereals Program. International Crops Research Instirule for the Semi-Arid Tropics (ICRISA n. Patancheru. 
Andhra Pradesh 502 324. India. 
2. International Trials Scientist, Inlemational Center for Agricultural Research in the Dry Areas (ICARDA). P.O. Box S466. Aleppo. Syria. 
3. Coordinaror. International Network for Genetic Enhancement of Rice. International Rice Research lnstiruae (IRRI). P.O. Box 933. 
Manila, Philippines. 
ICRISAT Conference Paper no. CP 571. 
Cltadoa: ICRISAT (International Crops Research Instirule for the Semi-Arid Tropics). 1990. Chickpea in the Nineties: proc::cedings of !he 
Second Inlemational Workshop on Chickpea Improvement. 4-8 Dec 1989. ICRISAT Center. India. Patancheru. A.P. SOl 324. India: 
ICRISAT. 
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How Chickpea International Testing 
Started 
ICRISA T was established in 1972 and (CARDA in 
1977. It was fortunate that they could rapidly build up 
their genetic resources with the help of Regional Pulse 
Improvement Programs, a joint research effort by the 
Indian Agricultural Research Institute (IARI), New 
Delhi, India; United States Agency for International 
Development (USAID); United States Department of 
Agriculture (USDA); Karaj Agricultural University, 
Iran; and Arid Land Agricultural Development Pro-
gram (ALAD), Beirut, Lebanon. In 1975 they were 
able to help construct an international chickpea trials 
network. For winter and summer sowings, three types 
of trials and nurseries were fonned and sent to coopera-
tors. 
How the International Chickpea Trials 
Network Developed Further 
After the chickpea trials network was established, 
methodologies were developed to make it function 
wen. Its main components were: a good distribution 
system; sound statistical design and analysis; rapid 
communication of results; and follow up on usage of 
the results. 
The Genetic Resources Units played a key role in 
supplying gennplasm suitable for muItilocational test-
ing and for use as parents in crossing programs. The 
improvement programs at ICRISA T and ICARDA 
soon supplemented the gennplasm with elite breeding 
material. The material made available to participants 
varied from F) seed, made on request, to early genera-
tion material and more widely tested varieties from 
Advanced Yield Trials (A YT). The Pathology, Ento-
mology, and Crop Physiology Units identified sources 
of resistance to diseases, pests, and abiotic stresses, 
respectively, and made these available for international 
testing and for use in breeding programs. 
Lists of available trials and nurseries were sent every 
year to interested institutions and researchers, who in 
tum could send in their requirements. Trial books 
prepared through the Crop Research Integrated Statis-
tical Package (CRISP) computer program and seed 
packages were sent to collaborators, and suitable 
computer programs were used to keep track of all 
dispatches. The trial data when received were ana-
lyzed by the GENST AT or CRISP program, and the 
results were tabulated in Progress Reports and commu-
nicated to collaborators. 
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The system as such remained almost unchanged over 
the past 12 years, but the trial sets underwent several 
changes and diversifications. 
Major Changes in International Trials 
In the course of years, as experience was gained and 
new ideas were conceived through visits, data feed-
back, and workshops, the nurseries and trials were 
diversified, and experiments were added. Tables I and 
2 list all the nurseries and trials and the number of sets 
sent. The tables show interesting features and changes 
which merit some discussion. 
The infonnation on agronomic practices such as date 
of sowing, plant population, weed control. need for 
Rhizobium inoculation, role of iron deficiency in 
calcareous soils, was almost lacking in the mandated 
countries of ICARDA in the West Asia and North 
Africa (W ANA) region. Thus the agronomic experi-
ments were initiated to encourage the network scien-
tists to conduct such experiments and at the same time 
to help them in developing packages of production for 
their areas. 
In ] 979/80 the system of early generation bulk yield 
testing was introduced and F2 and FJ trials were made 
available. The system was in use for a period of7 years. 
It appeared that the F2, Fl , and later generations yield 
data showed low correlation values, not justifying the 
discard of early generation bulks (van Rheenen and 
Gowda, unpublished data). These observations were 
confinned by studies of Geletu et al. (submitted for 
publication). 
In 1985/86 a somewhat new design called the dupli-
cated augmented design (DAD) was introduced. It now 
appears that the Randomized Complete Block Design 
generally gives more satisfactory results. 
Problems Faced in the International Tri-
als Network 
We mention here three problems: one is the discrep-
ancy between the number of trial sets sent and data sets 
returned. Table 3 lists those in percentages for the 
major collaborating regions during the period 1975-87. 
The mean discrepancy is 38%. 
A second problem is that of trial quality. A number 
of factors can adversely affect the quality of a trial as 
reflected in the coefficients of variation (CV). Table 4 
shows mean CV values over 3-year periods for the 
major collaborating regions. These are high, which is 
an alarming phenomenon. 
TUie I. DiItrtbatioII of ebickpea mternational trials and nuneries by ICRISAT 1975-87. 
Name oftrial l 1975/16 1976/77 1977/18 1978/19 1979/80 1980/81 1981/82 1982/83 1983/84 1984/85 1985/86 1986/87 1987/88 Total 
ICCT 26 26 
ICCT-O 5 34 39 
ICCT-OS 11 9 12 15 14 24 27 20 21 17 25 195 
ICCT-OM 15 14 17 46 
ICCT-OL 24 13 15 8 18 21 16 14 15 14 17 175 
ICCT-1. 16 36 33 5 8 8 106 
ICSN 29 35 64 
ICSN-DS 16 14 II 15 19 25 19 21 17 24 12 2S 218 
ICSN-OM 21 17 14 17 14 13 96 
ICSN-OL 19 26 17 19 18 19 21 16 13 13 11 17 209 
ICSN-1. 5 18 5 28 
F1-MLT II 13 24 
F1-MLT-DS 8 5 10 10 20 53 
F2-MLT-OW 5 10 10 12 37 
F2-MLT-DL 9 16 10 13 48 
F3-MLT 7 10 16 33 
FrWLT-DS 11 9 13 11 44 
F3-MLT-OM 12 II 15 38 
F,-MLT-DL 15 14 10 39 
PT-MLT 8 9 7 24 
ICAT 5 2 10 II 19 13 6 3 5 74 
ICHR.N 44 45 32 121 
CPE-MLT (OS/ 
OM, D{I., M-L) 41 38 18 9 11 22 10 149 
ICRRWN 12 22 37 33 35 25 25 22 25 2S 24 28 313 
nUCRItWN II IS 18 22 2S 26 20 137 
ICSDN 10 10 10 10 11 10 61 
CABN 9 13 4 3 29 
Total 76 157 162 119 115 175 212 224 252 225 279 210 220 2426 
I. ICCT = ID4a'Datiollai Chickpea Cooperative Trial; lCSN = International Chickpea Sclttning Nursery; MLT = Multilocational Trial; PT = Plant Type; ICAT = Intellllltional Chickpea 
Adaptatioa Trial; D = J)esi; K = Kabuli; S = Short-duration, M = Medium-duration, L = LOI18-duration; ICHRN = International Chi.c:kpea HelicoVf:rptI Resistance Nursery; CPE = Chickpea 
Eatomolot;y; lCRRWN = International Chickpea Root Rots Wilt Nursery; IlUCRR WN = ICRISAT IICAR Uniform Chickpea Root Rot and Wilt Nursery; ICSDN = International Chickpea 
St_t DieeIIt NW'lCry; CABN = Chickpea Ascochyta Bli&ht Nursery. 
w 
N 
tA 
W 
N Table 1. Dimibutioa of chickpea international trials and nurseries by ICARDA 1977/78 to 1981119. 
'" 
Name of 
trial/ nursery' 1977/18 1978/19 1979/80 1980/81 1981/82 1982/83 1983/84 1984/85 1985/86 1986/87 1987/88 1988/89 Total 
CRN 23 23 
CRYT II 11 
CAT 22 39 44 SO 49 57 261 
CIYT 20 40 38 37 46 49 SO 56 44 48 44 472 
CISN 20 38 33 39 47 SO 227 
CIF3/F4 9 28 26 32 31 34 56 53 54 39 20 382 
CIABN 13 27 32 40 41 41 49 64 63 57 48 475 
CFPPT 21 21 
CIYT-W 15 42 70 66 65 61 58 62 56 51 S46 
CDPPT 15 23 26 22 15 18 9 128 
CFIT 14 24 27 29 16 20 7 18 22 17 194 
CIYT-L 30 32 47 51 62 71 66 69 74 S02 
cwer 27 31 41 33 36 22 28 31 18 267 
CIET 10 II 21 
CIYT-W-STR 19 35 30 32 29 32 177 
CISN-W 51 61 64 57 55 288 
CISN-S 41 42 54 54 46 237 
CIIMN 16 29 13 12 8 78 
CIYT-T 47 58 60 165 
CICTN 8 34 30 72 
CIRT 18 21 39 
Total 34 105 216 319 384 429 441 495 S02 553 584 524 4586 
]. CRN::: Chickpea Regional Nursery; CR IT ::: Chickpea Regional Yield Trial; CAT = Chickpea Adaptation Trial; CI = Chickpea International; IT::: Yield Trial; SN = Screening Nursery; ABN:: 
Ascochyta Blight Nursery; FPPT ::: Fertility-cum Plant Population Trial; W ::: Winter; DPPT ::: Date or Planting-cum Plant Population Trial; FIT = Fertility-cum Inoculation Trial; L :: Large 
Seeded; WCT:: Weed Control Trial; lET = Iron Erticiency Trial; STR :: Sub-Tropical Region; S ::: Spring; LMN ::: Leaf Miner Nursery; T = Tall Type; CTN:: Cold TolerBDCe Nunery; IRT:: 
Inoculation Response Trial. 
Table 3. Returns frollllCRISA T's international ehick-
pea trials and nuneries 1976-87. 
Data books 
Region returned (%) 
SE Asia 75 
W. Asia 24 
Africa 30 
S. America 44 
N. America 21 
Europe 7 
T ota) average 62 
A third problem is that of representativeness, Re-
gression analyses for varieties grown at different loca-
tions within zones of adaptation show a remarkably low 
stability of performance (Table 5). 
Successes Achieved Through the Interna-
tional Chickpea Trials Network 
Possibly the major contribution of the trials network to 
chickpea improvement is the spread of plant material 
with different desirable characters at different stages of 
development and suitable for different production 
technologies. 
Table 6 is an updated list of released varieties that 
were identified or developed through the international 
chickpea testing network. 
The trial network has helped to increase the interna-
tional interaction of chickpea researchers. 
Potential Improvements in the Interna-
tional Chickpea Testing Network 
The material, entered in international trials and nurser-
ies, used to come mainly from the gene banks and 
improvement programs of the International Agricul-
tural Research Centers (IARC). The situation can be 
improved by soliciting also entries from other pro-
grams in the world. 
The more open system as proposed in the above 
paragraph will have an important additional advantage. 
It will help to decentralize the network, and transform 
collaborators into more directly involved panicipants. 
For instance. Ethiopia could. within the world network. 
be a sub-center for eastern African chickpea producing 
areas. So could Turkey be a sub-center for the West 
Asian and Mediterranean region. 
The low correlation observed between the perform-
ance of different varieties at different but similar loca-
Table 4. Mean coemeients or variation in international cbickpea trials frolll 1976-7. to 1985-'7. 
Region 1976-78 1979-81 1982-84 1985-87 Mean 
Asia 28.5 (54)1 25.6 (60) 35.0 (188) 26.5 (153) 28.9 
Africa 29.3 (5) 60.5 (3) 49.2 (5) 46.3 
Americas 43.4 (5) 13,3 (I) 27.7 (6) 28.1 
I. Figures in parentheses are numbers of trials. 
Table 5. Mean correlation between locations in international cbictpea trials from 1976-,. to 1915-17. 
Mean correlation values for periods 
Latitude (0) 1976-78 1979-81 1982-84 1985-87 All yean 
0-19 0.24 (26)1 0.07 (7) 0.13 (50) 0.03 (14) 0.12 (97) 
20-24 0.24 (10) -0.03 (J I) 0.13 (104) 0.06 (53) 0.10 (178) 
25-29 0.20 (46) 0.11 (24) 0.18 (229) 0.08 (185) 0.14 (484) 
30-34 0,01 (6) 0.54 (7) -0.13 (I) 0.14 (14) 
>35 0.08 (I) 0.11 (1) 0.10 (2) 
I. Figures in parenthesel are numbers of computations. 
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Table 6. Releue of varieties promoted by the IDt .. -
donal cbJctpea testlnC network. 
Year of 
Country Released variety release 
AJ.aeria ILC482 1988 
Bangladesh Nabeen (ICCL 81248) 1986 
Cyprus Yialousa (ILC 3279) 1984 
Kyrenia (ILC 464) 1987 
Ethiopia 8s()"3/27 Ie F 378 1988 
France TS 1009 (ILC 482) 1988 
TS 1502 (FLIP-81-293) 1988 
India ICCV I 1982 
ICCV6 1984 
GNG 149 1985 
Swetha (ICCV 2) 1989 
Kranthi (lCCC 37) 1989 
Italy Califfo (ILC 72) 1987 
Sultano (lLC 3279) 1987 
Kenya ICCL 83110 1986 
Morocco ILC 195 1987 
ILC 482 1987 
Myanmar Yezin 1 (P 436) 1986 
Schwe Kyehmon 
(K 850 Ie F 378) 1986 
Nepal Sita (ICCV 1) 1987 
Radha (JG 74) 1987 
Oman ILC 237 1988 
Portugal Elmo (ILC 5566) 1989 
Elvar (FLIP 85-17C) 1989 
Spain Fardan (ILC 72) 1985 
Zcgri (ILC 200) 1985 
Almena (ILC 2548) 1985 
Alcazaba (ILC 2555) 1985 
Atalaya (ILC 200) 1985 
Sudan Shendi (NEC 2491/ILC 1335) 1987 
Syria Ghab 1 (ILC 482) 1986 
Ghab 2 (ILC 3279) 1986 
Tunisia Chetoui (lLC 3279) 1986 
Kassab (FLIP 83-46C) 1986 
Amdoun 1 (8e-sel-81-48) 1986 
Amdoun 1 (8e-sel-81-48) 1986 
Turkey ILC 195 1986 
Gunej Sarisi 482 (ILC 482) 1986 
ILC 3279 1988 
lions mentioned earlier UIJCI us to leam more about 
plant retpODteI to envi.ronmearal facton. It is sug-
JII*ld ahat the network eM! enhance studies in this 
field. 
The network. could further be improved by more 
frequen& irtteraction, for instance, through regional 
travelling workshops and seminars. 
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Comparisons with Other International 
Testing Networks 
Centro Internacional de Mejoramiento de Maiz y 
Trigo (CIMMYT) 
The international testing program at CIMMYT is di-
vided into two parts, one for maize, and the other for 
wheat, triticale, and barley. The wheat program is the 
largest and sent out for cycle 1988/89 some 2843 sets 
of 39 different nurseries to 272 cooperators in 87 
different countries (CIMMYT 1979 and 1985). 
International Rice Research Institute (IRRI) 
About 30 types of nurseries are formed every year. 
More than 50% of the test entries originate from na-
tional programs. More than one thousand sets of 
nurseries are dispatched every year. The International 
Rice Testing Program (lRTP) collaborates not only 
with national programs but also with other interna-
tional institutes like Centro Intemacional de Agricul-
tura Tropical (CIAT), International Institute of Tropi-
cal Agriculture (lIT A). and West Africa Rice Develop-
ment Association (WARDA) for successful function-
ing of its network. The IRTP network is funded by the 
United Nations Development Programme (UNDP). 
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On-farm Research on Chickpeas and Transfer of Technology 
in India 
P.W. Amin, K.C. Jain, J.V.D.K. Kumar Rao, C.S. Pawar, 
Jagdish Kumar, H.A. van Rheenen, and D.G. Faris1 
Abstract 
Dissemination of plant material and information (transfer of technology) ;s an important 
component of leRISAT' s strategy to assist National Programs (NPs). In response to the request 
from the Government of India, a planning meeting was held at leRISAT from 25 to 26 April 
1988. and 43 irrigated and 33 non-irrigated trials were planned in 10 states of the Indian Union. 
An intensive training for the extension staff was held from 9-13 May 1988 to prepare for the 
trials. A total of 19 irrigated and 10 non-irrigated trials were jointly monitored by leRISAT and 
NP staff. Several farmers' days were held and on-the-job training was conducted to acquaint the 
extension staff and farmers with new varieties and improved ,nanagement. 
In irrigated trials. an average dry-grain yield of 1.875 t ha°/ was obtained with a range of 
0.44-3.7 I ha· f • Improved and commonly cultivated varieties performed equally well in the 
absence of wilt disease. The improved wilt-resistant varieties showed a clear advantage over the 
commonly cultivated varieties in wilt-infested plots. 
Under residual moisture conditions, the improved short-duration (75-80 days) wilt-resistant 
variety. ICCV 2 gave 30% better yield than varieties of longer duration such as Annigeri, and 
performed well in diverse climatic situations. With irrigation and fertilizer inputs this variety 
yielded up to 3.3 t haof indicating its responsiveness to good management. It has good potential 
for use in double cropping. 
The trials had the desired impact at the farmers level in the first year itself Many trials will 
continue through 1991. 
Resume 
Recherche en miDeu reel sur les pols chiches et Ie translert de technololle en Inde: Diffusion 
du materiel vegetal et de nnformation (transfert de technologie) est une composante impor-
tante de la strategie de l1CRISAT pour 1 assistance aux programmes nationaux. Suite A une 
demande du Gouvernement de l1nde, une reunion de planiflcation etait tenue A 1 1CRISA T du 
25 au 26 avril 1988, et 43 essais irrigues ainsi que 33 essais non irrigues ont ete envisages dans 10 
Etals de 17nde. Afin de preparer pour les essais, une formation intensive pour 1e personnel de 
vulgarisation elait tenue du 9 au 13 mai 1988. Un total de 19 essais irrlgues el 10 essais non 
irrigues etaient conjointement suivis par les chercheurs de l1CRISA T et des programmes 
nationaux. Plusieursjoumees ouvertes aux pay sans ont ete organisees. La formation sur Ie tas 
L Senior Entomologist. Plant Breeder. Crop PhYSIologist, Entomologist. Plan! Breeder, Principal Plant Breeder. and Principal Coordinator 
Asian Grain Legume Network (AGLN), Legumes Program, International Crops Resean:h Institute for the Semi-Arid Tropics (ICRISAn. 
Patancheru. Andhra Pradesh 502 324. India. 
ICRISA T Conference Paper no. CP 570. 
Citation: ICRISAT (International Crops Resean:h Institute for the Semi-Arid Tropics). 1990. Chickpea in the Nineties: proceedings of the 
Second International Workshop on Chiclcpea Improvement. 4-8 Dec 1989. ICRISAT Center. India. Patancheru, A.P. 502 324. India: 
ICRISAT. 
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a permis de renseigner le personnel de vulgarisation et les pay sans sur de nouvelles varietes et la 
gestion amelioree. 
Dans le cadre des essais irrigues, un rendtment moyen en grains sees de 1,875 t ha-I a ete 
obtenu avec une plage de 0,44-3,7 t ha-1• Les varietes ameJiorees ainsi que les varietes 
courantes ont donne dt bonnes performances en 1 'absence du fletrissement. Dans les parcellts 
inftstees, les varietes ameJiorees resistantes au netrissement ont revele un avantage nette sur les 
varietes courantes. 
En conditions d 'humidite residuelle, la variete amelioree a cycle court (75 a 80 jours) et 
resistante au fletrissement, ICCV 2, a donne un rendement 30% superieur a celui des varietes a 
cycles plus long tel Annigeri. La variete s ~t egalement revelee performante dans diverses 
situations climatiques. Avec l'apport d~rrigation et des engrais celle variete a donne des 
rendements jusqu ~ 3,3 t ha- I, ce qui indique ses reponses a une bonne gestion. Elle a un bon 
potentiel pour l'ex.ploitation dans la culture double. 
us essais ont eu 1 'impact souhaite au niveau des paysans des la premiere annee, et certains 
essais continueront en 1991. 
India is the world's largest producer of chickpea (area 
: 7.131 x 1(1) ha; production: 4.084 x 1(1)1); however. 
the productivity is low and averages about 0.57 t ha- I 
(Jodha and Subba Rao 1987). Improper tillage,la..::k of 
short-duration varieties. sub-optimum plant density, 
severe drought stress under residual moisture. water-
logging in irrigated crops. and insect pests and diseases, 
aU lead to low yields. When these constraints are 
overcome, yields may improve. Preliminary trials in 
the 1987/88 season in Maharashtra have indicated high 
potential yields ranging from 1.5 -3.4 t ha-' under irri-
gation. 
A Request for Technical Assistance 
The Government of India (GOl) has been concerned 
aboUllhe low production of chickpea and has instituted 
special thrust programs to stimulate chickpea produc-
tion. In 1988, the GOI asked ICRISA T to assist in 
demonstrating the potential for higher yields in chick-
pea. 
A meeting of the officials of GOI. State Departments 
of Agriculture from Andhra Pradesh. Gujarat. Karna-
taka. Madhya Pradesh, Maharashtra. Orissa, Rajast-
han, and Uttar Pradesh. and ICRISA T was held at 
ICRISA T Center 24 - 25 April 1988 to formulate long-
term plans for assistance from ICRISAT. The Objec-
tives were to demonstrate high yield potentials under 
improved management practices, to identify key con-
straints for high yields, and develop methods to over-
come these constraints. The GOI provided funds for 
these demonstrations. ICRISA T provided improved 
technology, seed of improved will-resistant varieties, 
and funds for monitoring the trials. The project was 
330 
implemented by ICRISA T's newly created Legumes 
On-farm Testing and Nurseries (LEGOFTEN) Unit. 
which has a multidisciplinary staff. comprising a 
breeder. an agronomist. a plant protection specialist, 
and nine trained field staff. 
Training 
ICRIS AT organized a trai ning workshop for collabora-
tors from 9-13 May 1988 for 35 collaborators from 
eight States. At this workshop trial locations were 
chosen. soil samples collected. pest and disease prob-
lems discussed, and treatments finalized. 
Setting up Demonstrations and Monitoring 
There were four treatments as follows: (1) ICRISA T-
recommended variety and package of practices. (2) 
State-recommended variety and ICRISA T package, 
(3) ICRISAT-recommended variety and State-recom-
mended package. and (4) State-recommended variety 
and package. A plot size of 0.2 ha per treatment was 
agreed upon. 
Two sets of trials were formulated: one irrigated and 
the other nonirrigated. Accordingly, ICRISA T sug-
gested two sets of varieties: ICCV 6, ICCC 37, ICCV 
5 or ICCC 42 for irrigated trials, and ICCV 2, an extra-
short-duration (ESD) variety, for noniITigated trials. 
All ICRISA T varieties have resistance to fusarium wilt. 
The state officials identified improved varieties for 
their states. Annigeri in Karnataka and Andhra Pradesh. 
JO 315 and Uijain 21 in Madhya Pradesh. G 5. Chafa, 
and BDN 9-3 in Maharashtra. H 208 in Orissa. K 850 
in Uttar Pradesh, and a local variety in Tamil Nadu. 
A package of practices for the trials was formulated 
(Table 1). 
A total of 43 irrigated and 33 non irrigated trials was 
planned. Of these 19 irrigated and 8 nonirrigated trials 
were chosen for joint monitoring by LEGOFTEN staff 
and officials of the state Departments of Agriculture. 
The remaining 14 irrigated and 24 non irrigated trials 
were monitored by state officials. The trials were laid 
out on research farms and in farmer's fields, and were 
visited three or four times in a season. Detailed obser-
vations on field operations and their costs were re-
corded. 
Results 
A combination of improved varieties and good man-
agement gave high yields. In irrigated trials (Table 2) 
they ranged from 0.44 to 3.7 t ha- I with an average of 
1.88 t ha· l • The increase in yields of irrigated chickpea 
was due more to improved management (16.6to 22.1 %) 
than to varieties (3.2 to 8.1 %), indicating that under 
good managements, the commonly grown varieties 
also performed well. However, improved varieties 
produced better yields because of their fusarium wilt 
resistance in places such as Ridaj (Table 2). 
In nonirrigated trials the ESD variety ICCV 2. 
outyieJded common long-duration varieties at 6 out of 
8 locations (Table 3), On average it gave a 29% higher 
yield than long-duration varieties, which was further 
improved to 53% by improved management (Treat-
ment 1 over Treatment 4). Because its duration is about 
30 days shorter than local varieties, it has performed 
better in residual moisture situations. Further, it also 
responds to high inputs. In two farmers' fields, it 
produced a grain yield of 3.3 t ha- I and 2.8 t hal in 95 
days after three irrigations. In market surveys, it 
fetched 25% more money than smal I-seeded desi varie-
ties. 
Chickpea Economics 
Cultivation costs ranged from Rs 2444 to 9323 ha- I for 
irrigated trials (Table 2) and from Rs 2261 to 5548 
hal for non irrigated trials (Table 3). 
The ]CR]SAT package gave higher profits than the 
State-recommended one for irrigated and non irrigated 
trials (Table 4). On residual moisture ICCV 2 produced 
substantially higher profits with both packages. 
Technology Transfer: Farmers' Days and 
On-the-job Training 
A~ trials progressed, several farmers from nearby areas 
visited the fields where they were shown the varieties 
Table 1. ICRISAT and State-recommended pack_ae of practices for irrigated chickpea!. 
ICRISAT- State-recommended 
Input/ operation recommended package package 
Land preparation Fine tilth Fine tilth 
Farm yard manure (t ha-') lO 5 
Seedbed Raised beds and furrows Flat 
Fertilizers (kg ha- I ) Ammonium sulphate, )00 DAP.lOO 
SSP, 250 Urea 0-10 
ZnSO •• lO MOPO-15 
Variety Wilt resistant State 
ICRISAT 
Spacing (cm) 30 x 10 30 x 10 
Weed control Herbicide Manual 
Seed dressing Benlate® + Thiram Thiram 
Plant protection Dust formulation Sprays 
Ferrous sulphate (kg ha- I ) 2.5, one spray Nil 
Irrigations At sowing, pod set and pod filling. At sowing, pod set and pod 
By furrow irrigation filling. By flooding. 
J. For production under residual moisture, sowing on the nat was recommended, and ESD variety ICCV 2 was used. 
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Table 1. Grain yield (t ha-1) of the ICRISAT/Depart ..... of Apkulture monitored, Irriptect cbkkpea trials at 
dift'erent Indian locationl, poItraiDy INIOn, 1911/19. 
ICRISA T pack. State packqe 
State flocations ICRISA T variety State variety ICRISA T variety State variety 
Andhra Pradesh 
Tangadencha 1.55 (7246)1 1.28 
Gujarat 
Hathrol 1.43 (3835) 1.70 
Kamataka 
Gangavati 0.92 (4235) 1.28 
Madhya Pradesh 
Bhikangaon 0.81 (6032) 0.86 
Narsingpur 1.61 (4623) 1.72 
Maharashtra 
Chakur 1.36 (4687) 1.77 
Parbhani 1.75 (9323) 1.70 
Pokhami 1.62 (4390) 1.25 
Bori 2.95 (4727) 2.82 
Niwali 0.85 (4029) 0.78 
Niwali 3.70 (4718) 3.61 
Jintur 2.95 (4082) 2.46 
Ridaj 3.50 (5962) 2.80 
Niwali 2.50 (4722) 2.41 
Gangakhed 2.85 (4467) 2.50 
Hingoli 1.50 (6957) 1.21 
Orissa 
Keonjbar 1.73 (5939) l.JI 
Rajastban 
Ajmer 0.44 NR2 0.23 
Uttar Pradesh 
Amarokh J.59 (3860) 1.51 
Average 1.88 (5213) 1.74 
Two-way comparison of mean yields. 
Cultivation package 
Variety ICRISAT State 
ICRISAT 1.88 1.54 
State 1.74 1.49 
Mean 1.80 l.SI 
Increase (%) 19.4 
1. Fipres in pareothaa are COlt of cultivation in R. ha-I . 
2. NR data not received. 
and the improved cultivation practices. For irrigated 
trials, the adverse effect of nood irrigation on plant 
growth and survival was demonstrated. The plant 
mortality was much less in crops grown on raised beds. 
On-the·job training also included the identification of 
eggs of Helicoverpa amrigera and the foliar damage 
caused by larvae. The differences between wilt caused 
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(7546) 1.09 (6224) 1.09 (5956) 
(3705) 1.22 (3480) 1.44 (3345) 
(4235) 1.28 (4350) 1.47 (4350) 
(5095) 0.79 (4077) 0.80 (3797) 
(4718) 1.34 (3755) 1.28 (3855) 
(4687) 1.45 (3557) 2.33 (3557) 
(9323) l.68 (7714) 1.66 (7714) 
(4390) 1.20 (3938) 1.08 (3938) 
(4727) 2.20 (4175) 2.95 (4175) 
(4029) 0.76 (3648) 0.70 (3648) 
(4718) 2.96 (3595) 3.11 (3595) 
(4082) 2.37 (3517) 1.86 (3517) 
(5962) 2.24 (4362) 1.40 (4362) 
(4722) 2.32 (4241) 2.04 (4241) 
(4467) 2.50 (3525) 2.42 (3525) 
(6957) 1.10 (5235) 0.74 (5235) 
(5939) 1.00 (5099) 0.45 (5099) 
NR 0.11 NR 0.12 NR 
(3685) 1.60 (2619) 1.37 (2444) 
(5]66) 1.54 (4284) 1.49 (4242) 
Increase 
Mean (%) 
1.70 5.8 
1.61 
by Fusarium oxysporum and caused by Sclerotium rolfsii 
were also explained. Although we have not kept a 
record the number of farmers visiting these trials. it 
could be as high as 10 000. In addition, about 2000 
fanners attended the farmers' days conducled by the 
extension staff. 
T.ble l. Grain yield (t b.-I) In tbe ICRISAT /Department of Apiculture monitored noninie.ted chickpea trials.t 
difJerent Indian IOt.tlolll, postrainy season, 1911/89. 
ICRISA T package State package 
State/lcx:ations ICRISA T variety State variety ICRISA T variety State variety 
Andhra Pradesh 
Tangadeneha 0.82 (5102)1 0.20 (4868) 1.62 (5072) 0.76 (4349) 
Karnataka 
Gangavati 1.31 (3685) 1.36 (3685) 1.26 (3730) 0.63 (3730) 
Madhya Pradesh 
Bhikangaon 1.39 (3866) 0.96 (3674) 1.19 (3J97) 0.85 (3225) 
Narsingpur 1.62 (3503) 1.53 (3523) 1.02 (3450) J.l9 (3470) 
Maharashtra 
Chakur 0.91 (4875) 1.04 (4875) 0.49 (3457) 0.75 (3457) 
Sawarkhed 1.04 (3560) 0.95 (3560) 0.73 (3250) 0.86 (3250) 
Orissa 
Keonjhar 1.01 (5548) 0.73 (5548) 0.82 (4815) 0.58 (4815) 
Uttar Pradesh 
Amarokh 1.75 (2261) 0.88 (2555) 1.38 (2505) 0.83 (2325) 
Average 1.23 (4050) 0.95 (4036) 1.06 (3684) 0.80 (3578) 
Two-way comparison of mean yields. 
Cultivation package 
Increase 
Variety lCRISAT State Mean (%) 
ICRISAT 1.23 1.06 1.15 30.5 
State 0.95 0.80 0.88 
Mean 1.09 0.93 
Increase (%) 17.1 
I. Figures in parentheses are the Cosl of cultivation in Rs ha· I , 
T.ble 4. Yield, income, cost of cullintion, .nd profits from chickpeu, postrainy season. 1911/89. 
cost of 
Yield Income cultivation Profits 
Treatment (t ha- I ) (Rs ha-I)I (Rs ha- I) (Rs ha- I ) 
Irrigated (n ::: 19)2 
ICRISA T variety and method 1.88 11250 5213 6037 
State variety and ICRISAT method 1.74 10410 5166 5244 
ICRISA T variety and State method 1.54 9210 4284 4926 
State variety and State method 1.49 8928 4242 4686 
Nonirrigated (n ::: 8) 
ICRISA T variety and method 1.233 8624 4050 4574 
State variety and ICRISA T method 0.95 5724 4036 1688 
ICRISA T variety and State method 1.063 7441 3684 3757 
State variety and State method 0.80 4824 3578 J246 
I. Sales price R.& 6000 t- I • 
2. n = number of trials. 
3. ICCV 2 variety used in this trial fetches about R.s 1000 t- I more than other varieties. Income is calculated at tile then existina market 
price of Rs 7000 t- I for this variety. 
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Seedbed Preparation 
Fanners experienced difficulty in making raised beds 
and furrows. Some developed their own local imple-
ments for this purpose. However, these implements 
were unable to make beds more than 10-12 cm high. 
One local engineer prepared a bullock-drawn implement 
that gave a bed height of 20-25 cm with a furrow width 
of 25-30 cm. It has attachments for the simultaneous 
application of fertilizer and seeds and thus reduces the 
overall costs. It has become popular with fanners not 
only for chickpeas butalsoforothercrops that are liable 
to waterlogging. 
Sowing Method 
Sowing by placement as recommended in the ICRI· 
SAT package was not practicable owing to labor short-
ages and high labor costs. Sowing by local seed drill as 
practised by fanners was found to be cost-effective. 
SowingTime 
Although fanners are aware of the importance of early 
sowing to take advantage of residual moisture, sowing 
time must depend on the duration of the rainy-season 
crops. Most fanners sow chickpea during November. 
October sowing is only possible after harvesting short-
duration crops such as mung bean. To accommodate 
early sowing we are experimenting with ESDpigeonpea 
(of 100 days duration) as a rainy-season crop. 
Crop Establishment 
With the existing level of land preparation and method 
of sowing, it is difficult to obtain optimum interplant 
spacing. With delay in sowing. the moisture recedes 
and the gennination is affected. Deep sowing improves 
emergence. Early sowing may further reduce the risk 
of poor gennination. For irrigated chickpea crop 
establishment does not pose a great problem. 
Fertilizers 
Although fertilizers are available, farmers normally 
apply them at low rates, particularly for nonirrigated 
chickpeas. Further, most farmers are not aware of 
nutritional deficiencies and so do not use micronutri-
ents. This reduces yields. However, farmers can easily 
apply micronutrients if properly advised to do so. 
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Weeds 
Most fanners resort to hand weeding. However, in-
creasing labor costs will favor the use of herbicides 
particularly for irrigated chickpea. Where grown on 
residual moisture, hand weeding of chickpeas will 
continue. 
Diseases 
Wilt caused by Fusarium oxysporum commonly re-
duces yield. Wilt resistant cultivars with good agro-
nomic characters are now available. Plant mortality 
resulting from Sclerotium rolfsii is another important 
problem, particularly in waterlogged crops. ICCV 2 is 
particularly susceptible to Sclerotium rolfsii. No re-
sistant varieties are available. In some fields phyllody 
was also observed. 
Pests 
Helicoverpa armi8f'ra is a problem in central and 
southern India. It is however, not so severe in chick-
peas as in other crops, and could be managed with two 
applications of insecticides. ESD chickpea may need 
just one application at the podding stage. Dusting gave 
better control than spraying. 
End-season Drought Stress 
Long-duration varieties suffer from drought stress 
particularly in light soils. ESD variety ICCV 2. which 
matures in 75-80 days, can circumvent this problem. It 
has become very popular. 
Seed Quality 
Chickpea seed does not rapidly lose its viability. 
However, because of severe damage by bruchids in 
storage most farmers do not keep seed. At sowing they 
purchase seed from local merchants at cost. Seed of 
improved varieties is in short supply. Government seed 
multiplication programs fail to keep up with the de-
mand. Therefore. most farmers still have to depend on 
local merchants and seed quality and purity cannot be 
assured. Farmers should be trained to store their seed 
in a safe manner. 
Conclusions 
Chickpea is a low risk and profitable crop when com-
pared with others such as wheat, safflower, and sor-
ghum. It suffers less from pest problems. Diseases. 
particularly fusarium wilt, can be overcome by the use 
of resistant cultivars. ESD chickpeas can reduce the 
risk from terminal drought stress. The first year's trials 
have shown high a yield potential and have identified 
the constraints in farmers' fields. 
Acknowledgment 
We sincerely thank Dr Y.L. Nene for his strong support 
and guidance of the technology transfer program. 
Reference 
Jodha, N.S., and K.V. Subba Rao. 1987. Chickpea: 
World importance and distribution. Pages 1- lOin The 
Chickpea. Saxena. M.C., and Singh. K.B. (eds.). 
Wallingford. Oxon, UK: CAB International. 
335 

The Asian Grain Legumes Network (AGLN) Model 
D.G. Faris, C.L.L. Gowda, and D. McDonald) 
Abstract 
The Asian Grain Legumes Network (AGLN) deals with chickpea and provides an example for 
forming other chickpea networks. The AGLN was estahlished in 1986 to strengthen research in 
Asian countries on chickpea, pigeonpea, and groundnut. to gl'nerate appropriate technology by 
more lffectively using existing stah' and facilities. and to coordinate and facilitate collaborative 
rl'search activities on these crops to help farmers increase their legume production. The 
structure and operation of the network is founded on five components: memhership. research. 
coordination. communicarion. and assets. The network has two elements: hilateral and multilat-
eral links. The hilateral element is hased on memoranda of understanding hetween ICRISAT 
and each of II AGLN countries. and Oil work plans derailing ~p£'cific activities. The national 
AGLN coordinator is the administrative link het .... een each national program and the AGLN 
Coordination Unit (supported hy ICRISAT). The multilateral element provides links beMeen 
AGLN memf)ers in all network groups including those in national programs. se\'eral regional 
and international institutes. donors. and mentor institutions. The linking activities include 
meetings. workshops, monitoring tours. regular and special training at leRISAT and in-country, 
special projects and workinR groups. an information hank. and literature services. Overall the 
AGLN provides a structure to /acilitatl' interchange {ind cooperation among grain legume 
sciemists in Asia. provides scientific hackstoppiflR. acts as a dearing house for inj(mnation and 
material. and helps strengthen national programs. 
Resume 
Modele du Reseau asiatique sur les legumineuses Ii grains: Le Reseau asiatique sur les 
li~gumineuses a grains (A GLN) traite du pois chiche et presente un exemple pour la realisation 
d 'autres reseaux sur Ie pois chiche. L :4 GLN a ete etabli en 1986 pour renforcer les recherches 
dans les pays d :4sie sur Ie pois chiche, Ie pois d :4ngole et I 'arachide, pour mettre au point une 
technologie appropriee en utilisant plus efficacement Ie personnel et les moyens d 'action 
existants et pour coordonner et faciliter des activites de recherche collaborative sur ces 
cultures afin d 'aider les cultivateurs a accroftre leur production de legumineuses. La structure 
et I 'operation du rcseau se base sur cinq composants : les membres, la recherche, la coordina-
tion, la communication et les biens. Le reseau a deux elements .. des liens bilateraux et 
multilateraux. L 'element bilateral est base sur des protocoles d 'accord entre l1CRISA T et 
chacun des onze pays de I:4GLN, ainsi que sur des plans de travail detaillant des activites 
specifiques. Le coordinateur national de l:4GLN est Ie lien administratif entre chaque pro-
gramme national et I'Unite de coordination d'AGLN (appuyce par nCR/SAT). L 'clement 
multilateral assure des liens entre les membres de I'AGLN dans tous Jesgroupes de reseaux, y 
1. Principal CoordinalOr. and Senior Plan! Breeder. Asian Grain Legumes Network (AGLN), and Program Leader (Acting). Legumes 
Program. International Crops Research Institute for the Semi-Arid Tropics (ICRISAT). Patancheru. Andhra Pradesh 502 324. India. 
ICRlSAT Conference Paper no. CP 572. 
Citation: ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Chickpea in the Nil1eties: proceedings of the 
Second International Workshop on Chickpea Improvement. 4-8 Dec 1989. ICRISAT Center. India. PatAncheru. A.P. 502 324. India: 
TCRISAT. 
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compris ceux des programmes nationaux, de plusieurs instituts regionaux et internationaux, 
des baiJJeurs de fonds et des institutions-guides. Les activites de liens comprennent des 
reunions, des ateliers, des tournees d'observation, des formations reguJieres et speciales A 
l1CRISA T et dans Ie pays conceme, des projets spkiaux, des groupes de travail, une banque 
d'informations et des services de documentation. Dans l'ensemble, I'AGLN fournit une 
structure pour faciliter les «hanges et la cooperation entre les chercheurs des legumineuses A 
grains en Asie, assure la surveiJJance scientifique, joue Ie rtJle de bureau central pour des 
informations et des materiels et contribue A aider A renforcer les programmes nationaux. 
In their presentation at this workshop on effective 
research networking Drs Smith. Plucknett, and Ozge-
diz described the value of agricultural research net-
works (ARNETs) and reviewed fourteen principles for 
effective networks. They also outlined several types of 
networks each set up to meet a certain need. Our 
purpose is to describe one example of an ARNET 
model, the Asian Grain Legumes Network (AGLN). 
which has been set up in pan to meet the research needs 
of chickpea scientists in Asia. Although most of the 
AGLN activities described do not refer directly to 
chickpea by name. many of them do include chickpea 
as it is one of the crops covered by the network. The 
AGLN model may also give ideas of how other chick-
pea networks might be organized. 
Founding 
In 1983 a consultative group meeting at ICRISAT, 
attended by legume scientists from several Asian coun-
tries. and representatives from regional donor agen-
cies, identified the major constraints to the production 
of groundnut. chickpea, and pigeonpea in Asia. and the 
priority research needed to overcome those constraints 
(lCRISA T 1984). With these needs in mind the group 
endorsed ICRISAT's concept of an Asian Regional 
Legume Program. At the follow-up review and plan-
ning meeting in 1985, ICRISAT's Director General 
announced the appointment of a coordinator for what 
since late 1986 has been called the Asian Grain Leg-
umes Network. ICRlSAT agreed to supply a network 
coordinator and the AGLN Coordination Unit was 
located at ICRISAT Center. This meeting also recom-
mended a general plan of action and a list of specific 
activities to be undenaken by the Coordinator (ICRI-
SAT 1987). The AGLN has been structured and has 
developed activities based on the recommendations of 
the above two meetings. 
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Objectives 
The general objectives of AGLN were similar to those 
spelled out by network coordinators who met in Nai-
robi in May 1988 (Faris and Ker 1988). These are to: 
.... strengthen the applied research capability of Na-
tional Agricultural Research Systems (NARS) to 
identify, address, and solve fanners' problems; 
• generate appropriate technology by more effec-
tively utilizing existing research personnel, facili-
ties, and other resources; 
• ensure stability of agricultural production through a 
responsive research capability: and 
• provide the suppon. both technical and financial, 
required to facilitate the coordination of activities 
on a regional basis. 
The specific objectives of the AGLN when it was set up 
were to: 
• produce a directory of AGLN cooperators: 
• operate an information bank for the cooperators: 
• identify adapted grain legume lines and the appro-
priate agronomy fortheircultivation in each AGLN 
country; 
• promote training of legume scientists from AGLN 
countries; and 
• foster special research support projects. 
As pointed out in the Smith et al. presentation in this 
workshop a clear objective is essential for a network to 
succeed. These objectives are now being refined as 
recommended by the recent legumes network coordi-
nators' meeting (lCRISA T I 989b ). 
Structure and Operation 
The structure and operation of the AGLN is founded on 
the five components incorporated in most ARNETs: 
membership, research, coordination, communication, 
and assets (Faris and Gowda 1989), The structure and 
operation of the AGLN can also be divided into bilat-
eral and multilateral elements. 
Bilateral Element 
The bilateral element is founded on strong links be-
tween ICRISA T and national program scientists based 
on a fonnal memorandum of understanding (MOU) 
with each AGLN country. These MOUs layout the 
areas of research collaboration on ICRISA T's mandate 
crops and such matters as the movement of scientists 
and seed material. the import of equipment, and the 
release of information and varieties. By the end of 1989 
there will be a signed MOU with II major AGLN 
countries: Bangladesh, India, Myanmar. Nepal, Paki-
stan. and Sri Lanka in South Asia; and the People's 
Republic of China. Indonesia. the Philippines. Thailand, 
and Vietnam in East and Southeast Asia. The AGLN 
also works with other countries of Asia when its as-
sistance is requested. 
Collaborative work plans for each country have been 
developed as part of each memorandum of understand-
ing. Usually, these are developed at a review and 
planning meeting or at other related meetings held in 
the country concerned. They set out the specific com-
mitments of AGLN/ICRISA T and the country. 
The country-AGLN coordinators are the administra-
tive contact persons in each member country with the 
AGLN Coordination Unit based at ICRISAT Center. 
Decentralizing the responsibility for network opera-
tions within each country increases the overall effec-
tiveness of the coordination in the network. 
An integral part of the AGLN's bilateral element is 
its interaction with donors, and international, regional. 
and mentor institutes, which was a major recommenda-
tion of the 1985 meeting (ICRISA T 1987). The Coor-
dination Unit has found contacts and joint activities 
with this group to be very fruitful. We shall describe 
some of these later. 
Multilateral Element 
The multilateral element of the AGLN comes from the 
many network activities that link network members 
with each other. These activities include the network 
coordinators' meetings (ICRISAT 1989b), workshops, 
monitoring tours. working groups (lCRISA T 1988a). 
scientists' meets (lCRISA T 1989a), and training to 
name but a few. Donor, regional, and international 
institute groups are also very much part of the multilat-
eral element of the AGLN. The multilateral activities 
will be discussed in more detail in the progress section 
below. 
The Coordination Unit consists of a network coordi-
nator, a breeder, and a secretary. The Unit receives 
guidance from an Advisory Committee at ICRISAT. 
scientists and administrators at the review and work 
plan meetings in each country, country-AGLN coordi-
nators. workshop recommendations (ICRISA T 1984, 
1987), network coordinators' meetings (ICRISAT 
1989b), and from other sources. 
The main mode of action of the Coordination Unit is 
to facilitate contacts between legume scientists in AGLN 
countries and those at ICRISAT Center. The scienlifi-
cally productive contact is directly between scientists, 
and after the initial contact the involvement of the 
Coordination Unit becomes secondary. New initiatives 
are now relatively easy to launch because the contacts 
and agreements with each country have already been 
made. 
Funding 
ICRISA T supports the Coordination Unit and provides 
funds for ICRlSAT scientists to visit AGLN countries. 
and for the training of scientists from AGLN countries. 
The value of a small external funding is demonstrated 
by the large number of activities and additional re-
search that have been made possible in South Asian 
countries by a grant from the Asian Development Bank 
(ADB). This grant was for the strengthening of legume 
research programs in Bangladesh, Myanmar, Nepal, 
and Sri Lanka. Similarly, money made available by the 
Australian International Development Assistance Bu-
reau (AIDAB) has resulted in several important re-
search activities in Indonesia on peanut stripe virus 
(PSt V), and in Thailand on pigeonpea. More recently 
donors have shown interest in supporting projects in 
association with the AGLN. This aspect is expected to 
expand. 
Progress 
The AGLN's objectives are a good basis on which to 
evaluate the network's progress. The degree to which 
the recommendations of the 1983 and 1985 meetings 
have been met also forms a good measure of progress. 
This present progress report provides in addition a good 
framework for a description of the networks activities. 
AGLN Directory 
Almost 500 scientists have responded to the invitation 
to become a cooperator in the AGLN. Their names 
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have been entered in a database, and the first edition of 
the directory, giving names and addresses, should be 
available soon. Later editions will list the crop(s) and 
discipine(s) of each cooperator. 
Information Bank 
Information from ICRISAT is available to network 
cooperators through the Information Services, Leg-
umes Program and the library, which operates the 
Semi-Arid Tropical Crops Information Service 
(SA TCRIS) (ICRISA T I 988b ). Of direct interest to the 
group is the International Chickpea Newsletter, and the 
joint CABl/ICRISAT CAB Prompts Series on Chick-
pea. 
The AGLN Coordination Unit has collected pam-
phlets, books, reports, and maps from each country and 
these are being cataloged. In addition, unpublished 
information about each country is collected by the 
Coordination Unit staff when traveling. A manage-
ment information system called AGLNIS is currently 
being developed by ICRISAT's Computer Services to 
allow easy access to this information. Apart from 
handling information from trip reports, AGLNIS will 
help in correspondence, as it is linked with the AGLN 
Directory, and in the production of progress reports for 
distribution to AGLN cooperators. 
ICRISA T Material 
Trials containing advanced generation material have 
been made available to network cooperators directly 
through scientists in ICRISAT's Legumes Program, 
who are also AGLN cooperators. Special attempts are 
made to visit all trials, and to review all results at annual 
planning meetings. The results are published in the 
various reports distributed by ICRISAT. Details of 
these trials and results on chickpea in Asia are reported 
elsewhere in this workshop. The network can also act 
to facilitate movement of material among AGLN coun-
tries. 
Training 
Training has both a linking and improvement compo-
nent. The Coordination Unit has facilitated and helped 
to support: 
• Trainees in regular ICRISA T courses. 
• Special courses such as virus identification, inte-
grated pest management, and legume utilization. 
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Many of these have been made possible by special 
grants from donors such as the Food and Agricul-
ture Organization (FAD), International Develop-
ment Research Centre (lDRC), Peanut Collabora-
tive Research Support Program (Peanut-CRSP), 
and ADB. 
• In-country training courses on chickpea, pigeonpea, 
groundnut, mung bean, and lentil given by local 
national and scientists from other national pro-
grams and scientists from ICRISAT, Asian Vege-
table Research and Development Center (A VRDC), 
and Intemational Centre for Agricultural Research 
in the Dry Areas (lCARDA) and financed by the 
ADB through the AGLN. 
• In-country courses on integrated pest management, 
given in Thailand and Indonesia by local, Austra-
lian Centre for International Agricultural Research 
(ACIAR), and ICRISAT staff. 
• The agroclimatology workshop with inputs from all 
AGLN countries, FAD, the International Bench-
mark Sites Network for Agrotechnology Transfer 
(IBSNA T), IRRI, the Resource Management Pro-
gram (RMP) at ICRISAT, the AGLN itself, and 
local geography and cartography consultants (Vir-
mani et al. 1990). This and similar workshops 
provide a training component but also enable scien-
tists to use and analyze their own data to put forward 
a joint publication. 
Special Research Projects 
Most of the AGLN's special projects arise from spe-
cific recommendations of the 1985 meeting. An ex-
ample is the Peanut Stripe Virus Working Group (IC-
RISA T 1988a), which shows how inputs from many 
groups can be used to tackle a common problem. 
Others have developed more recently for example the 
Sri Lanka Pigeonpea Production Project given below. 
Pigeon pea Production Project 
The Pigeonpea Production Project was started because 
Sri Lanka needed to produce pigeonpea to replace the 
US$ 45 million dhal import. It deals with the whole 
sequence of pigeonpea production and utilization. This 
project will provide the production technology needed 
to make pigeonpea available at an economic price to 
consumers in Sri Lanka and to strengthen the research 
structure to support this technology. Previous attempts 
to extend pigeonpea production apparently failed be-
cause of insect devastation, and lack of a dhal-making 
infrastructure. The steps in this project involve interac-
tion between Sri Lanka and ICRISAT AGLN scientists 
to provide: 
• an agroeconomic intelligence survey to guide the 
project; 
• establishment of best approach to develop a dhal-
making infrastructure; 
• demonstration of existing pigeonpea production 
technology in conjunction with dhal production; 
and 
• collaboration between an ICRISAT and aSri Lankan 
pigeonpea scientist to upgrade pigeonpea research 
in Sri Lanka to identify and answer pressing produc-
tion problems. 
Other Activities 
Other activities that illustrate the AGLN's collabora-
tion with national programs and other organizations 
include: 
• A groundnut scientists' meeting held in 1988 in 
Indonesia (lCRISAT 1989a) and a chickpea scien-
tists' meeting held in 1986 in Pakistan. 
• Nepal/lRRI/ICRISAT monitoring tour and work-
shop on the improvement of chickpea, pigeonpea, 
and other pulses, held in 1989. 
• Transfer of an ICRISA T chickpea scientist to Nepal 
for one year and transfer of Nepal chickpea scien-
tists to ICRISA T to analyze and interpret trial re-
sults. 
• Collaooration with the ACIAR pigeonpea projects 
in Thailand and Indonesia, and with the groundnut 
project in Indonesia. 
• The analysis of pigeonpea production data and the 
development of a pigeonpea growth model by 
ACIAR staff working partly at ICRISA T. 
• Participation of AGLN Coordination Unit in plan-
ning for the Southeast Asia Regional Food Legume 
Steering Committee. Asian Rice Farming Systems 
Network (ARFSN) Working Group, and FAO's 
RAS 82/002 Coordination Committee. 
These are only some examples of the initiatives with 
which the AGLN has been associated. 
Conclusion 
The AGLN has been presented as a model partly 
because it includes networking activities on chickpeas 
in Asia but also because its structure, operation, and 
philosophy may serve as an example for participants at 
this workshop wishing to start a chickpea research 
network. Basically the AOLN model is designed to 
facilitate links among grain legume scientists in Asia 
by determining the problems and needs of these scien-
tists, encouraging collaborative research and sharing of· 
material to meet these problems, supporting activities 
to bring the scientists together to share ideas and 
information, and to backstop research needs of the 
members. 
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Diversity and Convergence in On-farm 
Research Methodology 
R.K. Pandeyl, D.P. Garrityl, and N.F.C. Ranaweera1 
Abstract 
It is becoming widely accepted that research to accelerate crop productivity growth in less-
favorable environments requires unique methods to be effective. Several different approaches to 
on-farm and farming systems research have now been developed and deployed. This paper 
reviews some of the central concepts, and notes the convergence of procedures that appears to 
be evolving. A model of technology generation, adaptation, and adoption is discussed with 
emphasis on the linkages in the research continuum. We review some aspects of IRRl's 
experience in the development of on-farm cropping systems research methods. Application of 
the concepts to chickpea research is discussed. 
Resume 
Di .. ersite et con .. ergence de /. method%gie de recherche en milieu pSJ'ssn: L vn admet de 
plus en plus que la recherche pour accelerer la croissance de la productivite des cultures dans 
les environnements peu favorables exige des methodes uniques pour ~tre efficace. Plusieurs 
approches differentes a la recherche sur les systemes d-Cxploitation et a la recherche en milieu 
paysan sont main tenant mises au point et ont ete mises en oeuvre. Ce rapport passe en revue 
certains des concepts centraux et note la convergence de procedures qui semble se manifester. 
Un modele de generation de technologie, d 'adaptation et d'adoption est expose, en insistant 
sur les liens dans Ie processus de recherche. Nous examinons certains aspects de l-Cxperience de 
11RRI quant au developpement de methodes de recherche sur les systemes de culture en milieu 
paysan. L 'application des concepts a la recherche sur Ie pois chiche est examinee. 
Large environmental and socio-economic variability is 
characteristic of most agroecosystems in the tropics 
and sub&ropics. The imperative for more effective 
research methods to derive and fit technology to spe-
cific ecosystems is therefore necessary. 
Many institutions have devoted attention to on-farm 
and fanning systems research. and not unexpectedly, 
different methods and styles of research have evolved. 
This paper attempts a brief overview of some of the 
widely accepted principles of on-farm research that 
employ a fanning systems perspective (OFRIFSP). 
against a background of International Rice Research 
Institute (IRRI) experience during the past 15 years. 
Emphasis will be placed on the convergence of con-
cepts and procedures that appear to be evolving (Har-
ringtonetal. 1989). and where there is divergence in the 
approach of different institutions. the underlying fac-
tors that explain the differences. Application of these 
concepts and procedures to the particular problems of 
chickpea technology generation and diffusion will be 
1. Director, Directorate for Cropping System Resean:h. Indian Council of Agricultural Research (ICAR), Modipuram. Meerut 230 110. 
Uttar Pradesh. India. 
2. AgronomistlCrop EcolOgist, Multiple Cropping Department, and Visiting Economist, Agricultural Economics Department. International 
Rice Research Institute, Los Bdos, P.O. Box 933, Manila, Philippines. 
CItatJoa: ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Chickpea in the Nineties: proceedings of the 
Second International Workshop on Chickpea Improvement. 4--8 Dec 1989, ICRISAT Center. India. Patanchena, A.P. S02 324, India: 
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discussed. As with other commodities predominantly 
produced by resource~poor farmers, there is a sense of 
openness among researchers involved that new ap~ 
proaches are needed (Biggs 1985; Chambers and Jig-
gins 1987). 
Model of the Technology Development 
Continuum 
On-farm research approaches that use a farming system 
perspective may offer distinct opportunities as tools in 
the complex process of developing c1ient- and location-
specific technology; technology that farmers perceive 
as maximizing returns to the limited resources that they 
control. OFR/FSP and experiment station research 
share common goals for the generation and transfer of 
relevant technology, which constitute complementary 
and interdependent functions within the research proc-
ess. OFR/FSP employs specific methods to define 
relevant client groups and their research priorities. It 
emphasizes technology adaptation for suitable niches, 
and is usually best conducted on-farm in order to 
capture the full range and variability of those condi-
tions (Collinson 1987). Development and spread of 
farming systems research methodologies have been 
pioneered at a number of international agricultural 
research centers (lARCs) including IRRI (Byerleeet al. 
1982; Horton and Sawyer 1988; Monteith et al. 1988; 
Zandstra et aL 1981). 
Technology generation, adaptation. and adoption 
activities may be seen as part of a research and devel-
opment process (Denning 1988) composed of six ac-
tivities (Fig. 1). Activity A is technology generation at 
international and national research centers, primarily in 
laboratories and on-station. It tends to be more com-
modity- than systems-oriented. Activity B is on-station 
technology generation and adaptation for specific re-
gions and agroclimatic environments. The main par-
ticipants at this stage are researchers from national 
research systems working at regional stations. Certain 
aspects of IARC research are also conducted at this 
level in collaboration with national scientists, for ex-
ample, International Crops Research Institute for the 
Semi-Arid Tropics (ICRISA T) chickpea materials for 
evaluation in specific agroclimatic environments. 
Activity C involves on-farm technology generation 
and adaptation for specific regions and agroclimatic 
environments. The main participants are researchers, 
although contributions from extension workers and 
farmers are also crucial. IRRI on-farm cropping sys-
tems research falls in this category. A cropping sys-
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terns research site of this type may operate as a semi-
permanent field location for generating and testing new 
technologies, including those at an early stage of devel-
opment. Activities Band C are very closely linked. 
Activity D is shown as the focal point of the research 
and development model. This is farmer-panicipant 
research. The farmer and adaptive researcher, who 
may be an extension worker, are the key participants in 
this testing and evaluation process. This integrative 
activity seeks to fit technology generated through Ac-
tivities A, B, and C to individual farming practices and 
production systems. 
Farmers' own observations and tests compose Ac-
tivity E -an aspect of farmer innovation independent of 
the formal research and extension system. The impor-
tance of this process is evident in the unique farming 
practices evolved by farmers in agroecosystems with-
out any impact of formal research and development 
efforts. Activity F is the acceptance of innovations by 
farmers. 
The above sets the context for the array of interlock-
ing activities that constitute an effective system of 
generation, adaptation, and adoption. But how are 
these activities best carried out? And what is the proper 
balance among them? These practical questions must 
be addressed by every research institution. 
Integration of On-farm and On-station 
Research 
On-farm research with a farming systems perspective 
is designed to increase the capacity of technology 
generation and transfer systems to respond effectively 
to the need of specific client groups, most commonly 
resource-poor farmers. It complements and depends 
upon research carried out on experiment stations. It 
involves a client-orientated philosophy, a specific ap-
proach to research that goes beyond merely placing a 
conventional trial in a farmer's field. It also includes 
the formal diagnosis and ranking of problems, and the 
design and development of appropriate technologies to 
solve them. Farmers are actively involved at various 
stages in the research process. 
On-farm research helps on-station research by pro-
viding: 
• a complementary role in the generation of technol-
ogy; 
• a feedback and support function; and 
• opportunities for research managers to refocus thei r 
research priorities. 
An integrative model of on-station and on-farm 
Actinty A 
Technology generation at 
international and national 
research centers 
Activity B 
On-station technology 
generation and adaptation 
for specific regions and 
agrocJimatic environments 
Activity C 
On-farm technology 
generation and adaptation 
for specific regions and 
agroclimatic environments 
Activity 0 
Testing and evaluation 
of technology 
by farmers interacting 
with adaptive researchers 
Activity E 
Farmers'observations 
and trials 
Activity F 
Adoption of technology 
Fflure I. Conceptual model (or technology leneration~ adaptation~ and adoption. 
Source: Denning 1988. 
research is probably best suited for technology genera-
tion and transfer. since it tends to avoid the develop-
ment of conflicts of interest between the more reduc-
tionist station-based scientists and the on-farm action-
orientated scientists. 
Strategies for On·farm Research 
Most IARCs have been actively involved in the devel-
opment of on-fann research methodologies suited to 
their mandated ecosystems and commodities. Their 
approaches may be divergent, but their goals and phi-
losophy for on-farm methodology are similar. The 
concept they consider basic to aU approaches include: 
• a diagnostic function which influences the se-
lection of research priorities; 
• the conduct of much of the research and devel-
opment on-farm; and 
• farmer participation in assessing new technol-
ogy. 
Harrington et al. (I 989) reviewed a number of these 
approaches. and concluded that, although each seemed 
quite unlike the others, hidden behind the wide vari-
ation in tenns and research tools were strong similari-
ties in underlying concepts and procedures. 
The strategies for agricultural research can be broadly 
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distinguished as either commodity~based or ecosys-
tem-based fanning system research. Among the CG 
Centers commodity-based systems research is prac-
ticed by IRRI, Centro Intemacional de Agricultura 
Tropical (CIA T), Centro Internacional de Mejoram-
iento de Maiz y Trigo (CIMMYT) and Centro Inter-
nacional de la Papa (CIP). Ecosystem-based systems 
research is practiced by ICRlSA T in the semi-arid 
zones, International Center for Agricultural Research 
in the Dry Areas (ICARDA) in the arid zones, and 
International Institute of Tropical Agriculture (lIT A) 
in the humid tropics. 
IRRI has been associared with the development of 
two major types of on-farm research methodology: 
Cropping Systems Research and Yield Constraints 
Analysis. These methods evolved to address two 
hypotheses that had assumed dominant importance in 
Asian rice research by the mid-1970s: 
I. there was unrealized potential to further inten-
sify rice-based cropping systems; and 
2. there was a substantial gap between irrigated 
rice yields obtained by farmers, and those pos-
sible using the available technology. 
The methodologies are founded on principles that 
are generalizable across different crops and systems, 
but the fonn that they assumed, and their application. 
was direcred to the unique environment in which rice is 
grown. and in particular the promising opportunities 
presented by major technical changes in tropical rice 
cuJtivars. 
The Working Group of the Asian Rice Fanning 
Systems Network (ARFSN) developed a seven-stage 
research process that has been widely employed (Zand-
stra et al. 1981). The stages are site selection, site 
description. cropping pattern design. cropping pattern 
testing. multilocational testing, and production pro-
grams (Fig. 2). The stage of impact analysis was more 
recently added (Morris 1986). As the ARFSN began 
the development of methods for crop-animal research 
and other systems, the cropping pattern design stage 
was broadened to multi-enterprise technology design 
in order to encompass the broader perspective of fann-
ing systems which included non-crop enterprises. The 
on-farm research connected with the methodology in-
volves both researcher-managed and fanner-managed 
trials. Farmer participation in the research is dominant 
in the fann-scale evaluation of alternative cropping 
patterns. 
The distinguishing feature of this methodology is the 
emphasis on the cropping panern; intensifying it. diver-
sifying it. or increasing the productivity of the crops in 
existing patterns. Component technology develop-
ment and evaluation is a critical element of this research 
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process, as it is directed at increasing and stabilizing the 
production of the crops (or other enterprises) within the 
panern (or fanning system). Therefore the research 
focuses on identifying and overcoming the factors that 
constrain the yield of the component crops. The overall 
focus. however. is on the perfonnance of the entire 
cropping pattern. This explicitly recognizes that al-
though a technical innovation may improve a system's 
perfonnance. the incorporation of that innovation in-
variably affects other cropping activites. 
The acid test of the research team 's understanding of 
the component technology occurs in the annual crop-
ping pattern design activity, when all management 
practices are specified for the component crops. 
Knowledge gaps are clarified by this exercise, which 
feeds into the next cycle of research. 
There are limitations associated with the methodol-
ogy. These are related to applicability and cost-effec-
tiveness in different agricultural environments and 
different research teams. An important hypothesis 
underlying the methodology is that the number of crops 
(or number of enterprises) in a given agroecosystem 
can be increased. Thus. the choice of a target envi-
ronment. and research site selection within it, is a 
fundamental aspect of the process. Underlying this 
process is the hypothesis that new multi--enterprise 
technologies will be successful. The methodology is 
less suitable in areas where there are few, if any. 
significant interactions between crops in a pattern. In 
this case it may be more cost-efficient to concentrate on 
solving productivity problems within the dominant 
component crop or crops. 
On-farm research requires managerial skills to: select 
representative and accessible sites, win farmers' confi-
dence, organize field teams, provide adequate supervi-
sion and transpsort, and motivate and reward scientists 
to work in remote areas, in apparently non-prestigious 
positions. Multi-commodity research involves the 
interaction of larger numbers of researchers, which 
creates greater logistical support requirements. The 
cropping systems research may be complex when com-
pared to single commodity research creating greater 
difficulty in prioritizing the research activities. 
Agroecosystems analysis has been used in the cropping 
systems research process as an appropriate tool to focus 
a diverse team's attention on problem identification 
and prioritization (Magbanua and Garrity 1989). 
Complexities in Rainfed Farming and in 
Technology Transfer 
Technologies that fostered the dr~atic 'green revolu-
tion' in irrigated wheat and rice do not appJy under the 
Selection and description 
of the target area 
• 
Selection and description ... Environmental 
of the research site L.. complexes ~ 
It Resource base 
- Design of improved Present cropping 
-. cropping systems systems 
Development and 
evaluation of 
component technology 
" 
- Testing of Agroeconomic -.. 
-L.. cropping systems ... monitoring r--
.t 
M ultilocational 
. 
-
testing ... 
-
Monitoring and 
evaluation, 
I adaptive research 
Production 
programs 
--
Filure 2. Components of site-related croppinl systems rnearch methodoJolY. Source: Adapted from 
Zandstra et a •. 198]. 
highly variable and complex conditions of rainfed 
farming which require more site-specific identification 
of constraints. Given the vast areas under rainfed 
farming. and the increasisng number of small fanners 
forced to cultivate marginal and degraded lands, na-
tional and international centers might best focus their 
research by limiting on-farm research to a few contrast-
ing agro-ecological situations while closely collaborat-
ing with national networks of on-farm test sites. em-
phasizing not only yield and biological potential, but 
also other production criteria that influence technology 
adoption. and complementing effOl1llO inaeue pr0-
ductivity with research to increase sustainability at low 
input levels. 
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Technology transfer in most national programs is a 
top-down process of resean:h-to-extension-to-farmer, 
largely ignoring the immense need for constant feed-
back. from the farmers. Experience has shown that 
when the subsistence farmer is presented with a pack-
age of technology presumably superior to his current 
practices, he tends to react either by adopting only one 
or two components at a time. or by experimenting to 
adapt the given technology to his particular situation. 
Neither research nor extension agencies have as yet 
fully appreciated the impact of environmental variabil-
ity on fainfed farming in the semi-arid and arid lands. 
In striking contrast to agriculture in irrigated or assured 
rainfall areas, where decisions can be taken before the 
start of the cropping season, rainfed farming requires 
making day-to-day decisions during the season, in 
response to weather conditions. 
On-farm Research in tbeChlckpea Context 
The constraints enhancing the productivity of chickpea 
in India are biological. physical, socio-cconomic. and 
institutional. There are serious yield gaps in transfer of 
available technologies shown by the gaps between 
potential yield and actual farmer yields. For example 
experimental yields of 3.5 t ha-' have been reported for 
chickpea, while a farm-level yield of 0.9 t hao , is 
common in north India. Similarly. seed yields of 3 t 
ha-' have been reported at ICRISAT Center. while farm 
yields in Andhra Pradesh are only 0.26 t ha·
'
. The major 
reasons for the yield differences are drought stress, and 
inadequate crop management and pest control. 
To IUUTOW the yield gap, on-farm research on the 
following aspects need attention: 
• germplasm enhancement through on-farm 
evaluation and adaptation; 
• integrated pest management through on-farm 
research and management sttategy; and 
• integrated crop management through on-farm 
research and evaluation of relevant technology. 
Improving the productivity of rainfed chickpea in 
areas where the majority of the fanners are resource-
poor. is going to be a relatively slow process. The 
stability of production will also continue to be low. 
Doubling productivity will take considerable effort and 
resources, but experience with soybeans suggests that 
subscantialincreases in productivity at the farm level 
can be aecomplilhed in food legumes. Average yields 
of IO)'beans in the USA in 1924 were 0.76 t ha-I , lower 
tIIan the cammt -venae chickpea yield in northern 
India (Luedders 1977). PnxIuctivity in the USA now 
averages around 2.0-2.2 t ha- I which represents a 
threefold increase in 60 years. The improvement in 
seed yields in soybean in the USA has ranged from 0.7 
to 0.9% per year since the 19305 (Lueddcrs 1977; 
Bocrma 1979). These increases are only a little lower 
than those ItICOrdcd for cereals (Evans 1983). How-
ever, as in cereals. the increases have been stepwise. 
and the result of both improved cultural practices and 
increased genetic potential (Jensen 1978; Bocrma, 
1979). 
Chickpea researchers face particularly challenging 
problems in evolving an optimum on-farm research 
thrust to complement fundamental station-based work.. 
The very nature of the crop' s constraints suggests that 
attention should be given to spatial and systems vari-
ability. and enterprise interactions that determine the 
niche in which this crop will thrive. 
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Ten years of International Trials and 
their Lessons for the Future 
Jagdlsh Kumar
'
, C.L.L. Gowda
'
, s.c. Sethl2, Onkar Singh2, and Murari SingbJ 
AbstnJct 
The international chickpea trials have made available to coo~rators segregating and advanced 
breeding materials with high yields, increased seed size, and disease resistance. A steady 
demand for high-yield nurseries indicates the usefulness of these materials. Afew cultivarsfrom 
these have already been released in Bangladesh, Ethiopia. India, Myanmar, and Nepal, and 
many more have been identified. Cooperation and material exchange among cooperators have 
increased. and this activity has also increased the size of crop improvement programs. Data 
return has been between. 60-70%. Subgrouping of trials into short, medium. and long durations 
has proved useful. Further reduction in duration within short and long-duration maturity may 
enhance stability of performance. Relatively high coefficients of variation indicate a consider-
able scope for improvement in quality of the experiments. An increase in the general level of 
resistance to foliar diseases will be useful in medium- and long-duration environments. Selec-
tion among crosses based on early generation bulk yield tests did not appear to be promising. 
Comparison of cultivars and lines from India and from west Asia indicated that the former 
outyielded the latter in lower latitudes. Differences in higher latitudes were marginal. This 
suggests wider adaptability of lines from India. Inclusion of more materials from cooperators, 
and some changes in the design of nurseries are suggested. 
RiJsumi 
Dlx IUlllIa d 'eIui& IlItelll.tios.UX et IftIITIllJfDM pour I ».,ellll' : Us essais intemationaux de 
pois chiche ont mis a la disposition des coopeTllteurs un materiel segregant et de ~/t:Ction 
avancet:, ayant un rendement eleve, une tBille des grains BCCrue et la r6sistance aux maladies. 
Une demande soutenue de pepinieres a haut rendement indique l'utilite de ces materiels. 
Quelques cultivars provenant de ce materiel ont deja ete vulgarises au Bangladesh, en Etbio-
pie, en Inde, a Myanmar et au NepBl. Bien d'autres ont ete identmu. La coopeTlltion et 
l'echange de materiel entre cooperateurs ont augmente et cette activite a egBlement IICCru 
IYmportance des programmes d'smelioration des cultures. La rentr6t: des donnees est de 
I 'ordre de 60 a 70%. Lt: groupement des essais en cycle court, moyen et long, s ~t avere utile. 
Une reduction supplementaire de la dum: au stin des cycles court et longs pourrait &m6liorer 
la stabilite de la performance. Des coefficients de vllriation relatiVt:11Jt:nt eleves indiquent une 
possibilite considerable d'smeJioTlltion qualitative des essais. Une augmentation du nivuu 
generBl de resistance aux mBladies foJiaires pourra ~tre utile dans les milieux a dur6t: moyenlJt: 
et longue. La selection parmi .It:S hybrides, bs.set: sur les essais de rendement des premiete6 
generations bulk ne semble pas 6tre prometteur. La comparaison entre cultivlU'S et lign6t:s de 
1. Senior Plant Breeden. and 2. Plant Breedera. Legumes Program, International Crops Research Institute for the Semi-Arid Tropica 
(ICRlSA n. Patmcheru. Andhra Pradeab S02 324. India. 
3. Biometrician. Intcmational Center for Aaricultural Research in the Dry Areu (ICARDA). P.O. Box 5466, Aleppo. Syria. 
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CIIadoa: ICRISAT (International CIOpII R.neazch Institute for the Semi-Arid Tropics). 1990. QictpeI in the NiDedcI: pmceectinp of the 
Second Inter'nlltic:lftl Worbhop on Chickpea Improvement. 4-8 Dec 1989. ICRJSAT Center, India. Pa&lnc:hau, A.P. 502 324, Jndla: 
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17ndeet d'Asie occidentale a indiqueque les premiers donnent des rendements bien plus eleves 
en bllSSes latitudes que c#ux de l'Asie occidentale. Les difnrences aux latitudes elev«:s sont 
msrginales. Qla laisse entendre U1Jt: meilJeure sdaptabilite des lignks de 17nde. L ~nclusion de 
davantagt: de materiel en provenance des cooperateurs, ainsi que certains changements de la 
conception des pepinieres sont sugger6s. 
Chickpea international trials and nurseries have been 
coordinated with the objectives of increasing produc-
tivity and adaptation of the crop, by disseminating seed 
materials, encouraging contacts, and fostering infor-
mation exchange among chickpea scientists. As sug-
gested in the International Chickpea Improvement 
Workshop held in 1919, multilocational trials ofFl and 
F) populations were initiated in the 1918(19 season. In 
view of the large variation in the length of growing 
season in chickpea-producing areas, medium-duration 
trials and nurseries were added to the existing short-
and long-duration ones in 1985. To support the devel-
opment of medium-duration materials, a suitable test-
ing site was selected at Gwalior. An International 
Chickpea Adaptation Trial (ICA T) was conducted to 
determine the global adaptation of the crop 1981/82 to 
1983/84. 
To increase the stability of the crop. lines with 
resistance to diseases and from diverse parentage were 
included in the nurseries. The detailed results of these 
appear in the International Trials and Nurseries reports 
each year, and are distributed to cooperators and other 
interested individuals. Important conclusions drawn 
over the past 10 years are briefly discussed here. 
Trials and Nurseries 
Chickpea materials made available to cooperators have 
been classified into: (1) F 2 and F 3 bulk population trials 
(F 2 and F 3 ML Ts), (2) International Chickpea Screen-
ing Nurseries (ICSNs) comprising of advanced genera-
tion bulked lines. and (3) International Chickpea Coop-
erative Trials (ICCTs) of germ plasm lines and promis-
ing breeding lines developed at ICRISA T and cooper-
ating centers. The trials were replicated. generally with 
4-6 rows in plots each 4 m long. The nurseries were 
unreplicated with 2-row plots. using controls in an 
augmented design. Later these were also replicated (in 
a duplicated augmented design) with 4-row plots. Each 
of these trials involved three maturity durations. short, 
medium. IIJd long. They were requested by coopera-
tQrS at different locations in various chickpea-growing 
countries as reponed earlier (van Rheenen et al. 1990). 
3'2 
A demand for 120-130 sets per year has been recorded. 
About 65% of the cooperators returned the data. which 
is a good response, 
Analysis of data over the years indicated generally 
high coefficients of variation, making it difficult to 
interpret them in a meaningful way. Generally low 
correlations between the performance of entries across 
locations, and over years at a location have been ob-
served. These result from the large genotype x envi-
ronment (G x E) interactions encountered in chickpea. 
Genotype X Environment Interaction 
Large G x E interactions observed in chickpeas have 
been discussed earlier (Byth et al. 1980; Singh et al. 
1980; Smithson et aI. 1985). These result from biotic 
and abiotic stresses encountered at different locations 
and years. While efforts to develop resistance to these 
stresses are being made, we have studied the adaptation 
of chickpea by conducting a global adaptation trial for 
3 years. 
The ICA T. mentioned earlier, comprised seven desi 
and one kabuli entry from India and eight kabulis from 
seven West Asian countries. It was conducted in 
important chickpea growing countries in latitudes be-
tween lOOand 52°, Seed yield data were returned from 
10 environments (location-year combinations). It was 
observed that locations accounted for 50-60% of the 
variation for seed yield (Kumar et al. unpublished) and 
the contribution of the cultivars was about 2 to 8%. 
There were large G x E interactions. However, the 
over-all mean yield was well over 1 t ha-1 in these 
latitudes, indicating good adaptation of the crop (Table 
I). The lowest yields occurred between latitude 100-200. 
As expected, the Indian cultivars produced high yields 
at 200-300 latitudes, but they also did well at higher 
latitudes, where the crop is sown during the spring. The 
West Asian cultivars only perfonned well at higher 
latitudes. This possibly reflects, in pan, their response 
to longer photoperiods. Indian germplasm may there-
fore be useful to augment variation in breeding materi-
als for West Asian and other locations. 
Of the 10 environments of ICAT, 11 produced a 
Table 1. Mean seed yield of 16 cbickpea cultJvan at worldwide locatloRl duriD119l1/Bl to 1983/84. 
Number of Mean seed yield (t ha- I ) 
Latitudes locations All (16)1 Indian (8) West Asian (8) 
10°_20° 10 
20°-30° 30 
30°-40° 22 
40°-52° 8 
I. Figures in parentheses are numbers of cultivars. 
mean seed yield of more than 2 t ha·
'
. These occurred at 
latitudes between 20" and 30" except in Rapid City, 
USA (44oN) and wintersowing at Aleppo, Syria (37°N). 
Among cultivars from India and West Asia, the former 
produced more than 2 t ha· 1 in 16, and the latter in 7 
environments. Again these high yields were mostly in 
latitudes of 20"-30" where the growing season is rela-
tively cool and there is less demand for soil moisture. 
Analysis of data for common locations over years 
showed not only large variations in yield performance 
over locations but also substantial interactions between 
genotypes and locations, and between genotypes, loca-
tions and years, suggesting that different cultivars may 
be needed for different regions. 
Multilocational Trials of Fl and F3 Bulks 
As with other multilocational trials and nurseries, cor-
relations between the performance of F2 and FJ trials 
across locations were generally low and inconsistent. 
1.02 
1.34 
1.17 
1.42 
1.23 0.80 
1.59 1.08 
1.03 1.29 
1.46 1.37 
We computed correlation coefficients for perfonnance 
in F2 (Table 2) and FJ (Table 3) generationsatlCRISAT 
Center and other locations in short-duration environ-
ments on one hand, and performance in FJ to F5 gen-
erations at ICRISA T Center on the other. It was 
apparent that selection of crosses on the basis of mean 
yield at one or more locations may not necessarily 
determine the performance of their segregants in later 
generations. Therefore, replicated early generation 
bulk testing was discontinued as from 1985/86 season. 
F] to F4 bulks are however made available to coopera-
tors on request and have been found useful for selection 
purposes. 
Reasons for Failure of Trials and Nurseries 
The exact reasons for failure of trials and nurseries were 
not always given by cooperators. However, the infor-
mation from medium- to long-duration locations indi-
cated that here the crop was mostly damaged by foliar 
Table 1. Correlation coellicients between F2 and F) yields and selKtions in F.-F, leneratloOl of chickpeas at 
ICRISAT Center and otber locations witb sbort~duration environments. 
ICRISA T Center 
Number of Mean Number of 
F 2 trial yield F) selected yield Fs bulked 
Season location yield plants F .. Fs lines lines 
1980/81 lCRISA T Center -0.29 -0.72** 0.13 -0.84·· 
1981/82 ICRISAT Center 0.73*· -0.25 -0.25 -0.22 
1980/81 Rahuri 0.62* 0.74·· -0.53 0.46 
1981/82 Rahuri -0.19 0.15 -0.58* 0.16 
1980/81 Mean MLTI -0.29 0.24 -0.63* 0.32 
1981/82 Mean MLT 0.52 -0.21 -0.53 0.26 
., •• sipificant at 0.05 and 0.01 levels. 
I. ML T = multilocational trials. 
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Table 3. COlTeiation coef6deatl for aeed ,iekll of F 3 Multiioeatkmai T ...... (MLT) iD 1981/81 aDd 1981/13 aDd Heel 
yields aDd .Iectioas .... de at ICRJSAT Ceater. 
Number of 
plants 
F3 trial yield selected 
Season location in F4 
1981/82 Akola -0.52 
Gulbarga -0.66· 
Raburi 0.87" 
ICRISAT Center 0.24 
Mean MLT -0.03 
1982/83 Akola 0.05 
Gulbarga -0.30 
Raburi 0.24 
ICRISA T Center -0.41 
Mean MLT 0.12 
•• •• significant at 0.05 and 0.0 I levels. 
diseases, and excessive vegetative growth resulting in 
poor podding. At the short-duration locations, poor 
plant establishment and damage by wilt, root rots, and 
pod borer have been cited as the most common reasons 
for crop failure. These stresses, even when not severe, 
would add to high coefficients of variation at particular 
sites. 
Susceptibility of chickpeas to various diseases has 
been considered a major reason for lack of yield stabil-
ity (Smithson et al. 198.5). Therefore, incorporation of 
disease resistance is likely to stabilize production. 
Resistance to fusarium wilt has been emphasized at 
ICRISAT and this is apparent in ICCf-OS and ICSN-
ICRISA T Center 
Percentage increase 
Number of Mean yield of F 5 lines over 
lines bulked of selected moving means 
inF5 F5 lines of AnniJeri 
-0.63· -0.32 0.41 
-0.66· 0.30 0.33 
0.64· -0.14 0.13 
0.40 0.38 0.07 
-0.01 0.29 0.11 
0.10 0.43 -0.21 
-0.23 -0.09 -0.14 
0.16 -0.04 0.21 
-0.31 -0.08 0.15 
0.10 -0.65· -0.28 
OS entries over the years (Table 4). Similar efforts for 
other trials and diseases are underway. Multiple stress 
tolerance/ resistance of breeding materials, identified 
as important for different regions will be emphasized in 
the coming years (van Rheenen et aI. 1989). 
Contributions by Cooperators 
International centers can act as catalysts in strengthen-
ing cooperation among national and regional programs, 
for instance, in the exchange of elite materials. Over 
the years, cooperators have contributed to international 
Table 4. MeaD mortaUty (%) due to wilt of entries included in International Cbickpea Cooperative Trials (ICCTI)aDd 
Internadonal Chickpea ScreeniDa Nurseries (ICSNI) in wUt-slck plots at ICRISAT Center, 1981/81 to 1986/87. 
ICCT ICSN 
Season OS' OM DL OS DM DL 
1981/82 56 N'f2 72 66 NT 48 
1982/83 46 NT 86 58 62 70 
1983/84 46 NT 78 73 75 85 
1984/85 42 NT NDl 48 56 ND 
1985/86 16 49 74 37 44 68 
1986/87 18 18 42 13 44 69 
I. OS = Desi ahort-. OM = Deai medium-. and OL = Deai IODl~uration. 
2. NT = No trial. 
3. NO = Trial conducted, but no data available. 
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trials. in particular to the various ICCTs, where high-
yielding entries were included. Notable examples are; 
Annigeri, JG 62. Pant G 1] 4, K 850, JG 74, P 436, BDN 
9-3, Phule G-4, L 550, G 130, H 208, P 324, BO 203 and 
T 3. In ICSNs advanced breeding lines from ICRISA T 
are generally included. Cooperators hesitate to contrib-
ute to ICSNs due to a shortage of seed and also to the 
relative uncertainty of the performance of their mate-
rial. Many programs can only contribute released 
materials, but it would be useful to include material 
from cooperators in these nurseries as well. 
Selection or Materials by Cooperators 
Over the years the highest-yielding five entries in 
ICSNs have out yielded the best controls, indicating the 
usefulness of the trial material (Table 5), As mentioned 
earlier these entries have increased resistance to fusar-
ium wilt. Short-duration entries also have larger seeds 
than the controls. Selections from the trials and nurs-
eries have been released in several countries and many 
more useful lines have been identified (van Rheenen et 
al. 1990). 
Future Direction of Trials 
Large G x E interactions encountered in chickpea 
require breeding lines to be tested at many locations and 
the suitable ones to be identified for particular regions. 
Table 5. Mean seed yield of the fin best entries in 
Internadonal Chickpea Screenjnl Nurseries expressed 
as percentales of the best control culthar from 191,,,9 
to 1917/88. 
Season OSI OM OL 
I 978f79 109 NT2 115 
1979/80 115 NT 120 
1980/81 111 NT JIO 
1981/82 109 NT 139 
1982/83 117 III 126 
1983/84 101 106 112 
1984/85 120 1t7 134 
1985/86 108 lO6 118 
1986/87 118 125 121 
1987/88 110 122 125 
I. os :: Desi shon-. OM :: Desi medium-. and OL :: Desi 
Jong-4uration. 
2. NT:: No trial. 
It would be helpful if the genetic base of the breeding 
material could be widened. This is a challenging task 
as many of the elite lines used as parents trace their 
pedigree to a few landraces and cultivars (Smithson et 
al. 1985). The use of lines from the large gerrnplasm 
collection and their derivatives at ICRISA T Center is 
helpful. Improvement of resistance to root rots and wilt 
in the short- and medium-duration materials, and im-
portant foliar diseases in long-duration materials, is 
I ike Iy to confer more stability in chickpea productivity. 
A reduction in the maturity period of the longer-dura-
tion materials may also add to the stability of produc-
tion in their areas of adaptation (Kumar et al.. unpub-
lished). 
The maturity duration subgrouping used in desi 
types shou Id be extended to kabuli types as well. There 
is a need for extra-short-duration materials for cultiva-
tion between latitudes ()<'-l 0" or in drought-prone areas 
represented by peninsular and central Indian condi-
tions. 
Changes in design of nurseries may reduce coeffi-
cients of variation (van Rheenen et a!. 1990). Contri-
butions from cooperators to trials and nurseries will 
help broaden the genetic base and strengthen regional 
and international cooperation in identifying cultivars 
adapted to larger chickpea producing regions. 
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Zoning Chickpea Environments 
R.S. Malhotra and H. Harris· 
Abstract 
Cluster analysis was used as a tool to classify chickpea growing environments into zones. Data 
on days-to-flowering and seed yield for two chickpea international yield trials developed by 
/CARDA and conducted by cooperating scientists worldwide during /985/86 and 1986/87 were 
used for the present study. The GENSTAT hierarchical, agglomerative clustering program was 
employed with correlation coefficient as the distance measure and single linkage as the 
clustering strategy. Results revealed that by characterization of the genotype by location, 
interaction within a cluster/zone was minimized. Further, lcey sites should be selected from each 
cluster for initial evaluation of a large number of breeding materials. These selected materials 
from each zone should then provide an opportunity for selection of material for specific 
adaptation. 
Resume 
Zon.,e des enJ'ironnemmts de pois cblcbe: L 'analyse en grappes a servi d 'outil pour classer 
en zones les en vironnements de culture de pois chiche. Les donnees sur Ie nombre de jours A la 
floraison et Ie rendement en grains pour deux essais internationaux de rendement du pois 
chiche mis au point par J'ICARDA et effectues par des chercheurs cooperants dans Ie monde 
entier en 1985/86 et 1986/87 ont ete exploitees. u programme GENSTAT de groupement 
hierarchique et agglomeratif de donnees a ete employe avec Ie coefficient de correlation 
comme mesure de distance et Ie linkage simple comme strategie de mise en grappes. us 
resultats ont revele que la caracterisation du genotype en fonction de 1 'emplacement permet de 
reduire au minimium lYnteraction au sein d'une grappe/zone. En outre, des emplacements-
cles devraient etre selectionnes dans chaque grappe en vue d 'lIne evaluation initiale d 'un grand 
nombre de materiels de selection. Ces materiels selectionnes dans chaque zone devraient aloTS 
permettre la selection de materiels pour une adaptation specifique. 
Kabuli Chickpea (Cicer arietinum L.) is primarily grown 
under varied moisture. temperature, soil type. crop 
management. and biotic stress conditions in different 
parts of West Asia. North Africa, Mediterranean Eu-
rope. and Latin America. It is mainly cultivated in 
rainfed areas that receive 350 - 600 mm average annual 
rainfall. International Center for Agricultural Research 
in the Dry Areas (lCARDA) and International Crops 
Research Institute for Semi-Arid Tropics (ICRISAT). 
have worldwide responsibilities to work on the im-
provement of kabuli chickpea. One wif to improve the 
efficacy of a breeding program for such diverse envi-
ronmental conditions would be to divide areas into 
relatively homogeneous regions. and then to satisfy the 
specific requirements of each region. Until now no 
objective sub-division of chickpea-growing areas has 
been carried out. although Malhotra et al. (1985) pin-
pointed major divisions on the basis of feedback of 
I. International Trials Scientist (Food Legume Improvement Program), and Soil Water Conservation Scientist (Farm Resource Management 
Program), International Center for Agricultural Research in the Dry Areas (ICARDA), P.O. Ball 5466, Aleppo, SyriL 
Citation: ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Chickpea in the Nineties: proccedinl. of the 
Second International Workshop on Chickpea Improvement, 4-8 Dec 1989, ICRISAT Center, India. Patanchen&, A.P. 502 324, India: 
ICRISAT. 
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results from various cooperators in different parts of the 
world. Mulitze etal. ( 1987) reviewed several approaches 
suggested by various workers to stratify environments 
into sub-regions. Cluster analysisbased on the differ-
ential grain yield responses of a set of genotypes has 
been the most widely used technique. Abou-EI Fittouh 
et al. (1969) were among the first to apply cluster 
analysis. They classified cotton variety trail sites in the 
USA and advocated the use of the technique to stratify 
environments into SUb-regions. Later, this technique 
was also used by Byth et al. (1976); Ghaderi et al. 
(1980); Fox et al. (1985); Imrie et al. (1981); and Imrie 
and Shanmugasundaram (1987). Because similar in-
fonnation is not available for chickpea, an attempt has 
been made to classify the chickpea-growing areas of 
West Asia, North Africa, Mediterranean Europe, and 
Latin America into regions based on differential yield 
responses, and to select key sites that provide an op-
portunity to select materials for specific adaptation. 
Materials and Methods 
The results of the Chickpea International Yield Trials-
Winter for the Mediterranean Region (CIYT -W -MR), 
assembled at ICARDA by the ICARDA/ICRISA T 
chickpea breeding program, and distributed from 
Aleppo, Syria to cooperators from West Asia, North 
Africa, Mediterranean Europe, and Latin America 
during 1985/86 and 1986/87, provided data for the 
present study. The CIYT-W-MR was grown by na-
tional programs in a randomized complete block design 
with four replications, usually with a plot size of 4.8 m2 
(4 4-m rows, spaced 30 cm apart). There were 24 
entries, including a local control provided by each 
cooperator. The entries had performed well in at least 
2 years of yield testing at Aleppo, Syria, and also in 
unreplicated screening nurseries in many countries. 
Data on seed yield and time to 50% flowering from 37 
sites in 1985/86 and 39 sites in 1986/87, reported by the 
cooperators of each entry at each site, excluding the 
national or local control, were used for the analyses 
(Table 1). Eleven of the test entries and 22 of the 
growing sites were common in the two seasons. A 
detailed description of the trial sites, entries, and data is 
given in the International Nursery Reports (ICARDA 
1988, 1989). The code numbers assigned to each 
location (Table 1) have been used instead of location 
names. 
The GENST AT hierarchical, agglomerative clus-
tering program (Genstat 5 Committee 1988) was applied 
with correlation coefficient as the distance measure and 
single linkage as the clustering strategy. A large 
358 
difference in successive clustering steps was used as an 
indicator of cluster truncation. 
Results and Discussion 
The combined ANOV A for seed yield for 23 genotypes 
at 37 locations in 1985/86 and 39 locations in 1986/87, 
is given in Table 2. The mean squares due to genotypes 
(G), locations (L), and genotype x location (G x L) in-
teraction were highly significant for both the years. 
Further, the combined ANOVA for II common 
genotypes across 22 common and 30 non-common 
locations across 2 years (Table 3) also confirmed the 
presence of highly significant differences due to loca-
tions, and G x L and genotype x location x year (G x L 
x Y) interactions. The objective in further analysis is 
thus to minimize the effect oflocation. and to maximize 
the recovery of information on the performance of 
genotypes within environments. 
Cluster Analysis 
The dendrogram (Fig. I a) illustrating the outcome of 
cluster analysis based on yield correlations as a simi-
larity index for the 1985/86 trials shows that two 
locations, lindiress (Syria) and Heimo (Syria), were the 
first to form a cluster at the 85% similarity value; at the 
75% similarity value, two more locations, Menzel 
Temmime (Tunisia) and Tel Hadya (Syria) were added 
into this cluster. There were large differences between 
mean seed yields at these four locations (Table I) 
indicating that location mean yield did not play any 
strong role in grouping the environments into a cluster. 
With reduction in similarity values, more and more 
environments were amalgamated into this cluster and 
some new clusters were formed. Four clusters were 
fonned at the 55% similarity value: Cluster I with 13 
locations (10, 26, 29, 35, 24, 34, 23,17,6,18,9,16, and 
20); Cluster II with 3 locations (13,25, and 33); Cluster 
III with 2 locations (36 and 8); and Cluster IV with 2 
locations (21 and 5). The remaining ungrouped loca-
tions were assigned to two clusters those amalgamating 
at 40% similarity index to Cluster V (28, 3.4,27. 14,32, 
and 11) and the remainder to Cluster VI (12,2,7, 15, I, 
30,31,19, and 37). 
The dendrogram based on days to 50% flowering 
(Fig. 1 b) revealed that a large number of locations 
amalgamated in a similar way to that for seed yield. A 
few locations (such as Toshevo, Bulgaria and 
Montpellier, France) amalgamated at earlier stages on 
days to 50% flowering (Fig. Ib) than on seed yield 
Table I. Latitude, ,leYatiOll and ayera. ralDfaIl, ddckpea teed yield and time to fIowerial, 1985/16 aad 1_/87. 
Code Latitude Elevation Rainfall Yield Day. to SO% 
no. Country Location (ON) (m) (mm) (t ha- I) flower 
I Bulgaria Toshevo 43.40 236 .561 1.07 194 
2 France MontpeUier 43.37 49 487 1.84 177 
3 Greece Larissa 39.07 70 320 2.72 151 
4 Iraq Sulaimaniya 36.05 700 NAt 1.12 179 
5 Italy Metaponto 40.24 18 317 3.85 124 
6 Jordan Macow 32.33 580 414 1.30 126 
7 Lebanon Beqaa 33.55 995 657 1.55 ISO 
8 Morocco Marchouch 33.33 4SO 416 2.05 139 
9 Pakistan Islamabad 33.29 683 373 1.31 172 
10 Portugal Elvas 38.53 208 484 1.65 145 
II Portugal Oerias 38.41 SO 484 1.52 97 
12 Spain Badajoz 38.49 219 178 2.02 124 
13 Spain Madrid 40.30 599 340 2.17 155 
14 Syria Idleb 36.56 446 614 2.59 126 
15 Syria AI-Ghab 35.30 170 872 3.02 126 
16 Syria Homs 34.45 485 333 2.49 130 
17 Syria Gellin 32.80 NA NA 1.65 124 
18 Turkey Diyarkabir 37.55 660 475 2.11 132 
19 Turkey Izmir 38.05 100 452 1.59 131 
20 Lebanon Terbol 33.49 890 529 2.32 144 
21 Spain Cordoba 37.51 110 481 2.06 NA 
22 Spain Sevilla 37.30 20 410 1.16 NA 
23 Syria Hama 35.08 316 324 2.58 113 
24 Syria Heimo 37.03 426 341 2.25 145 
25 Syria Jable 35.40 7 970 5.96 NA 
26 Tunisia Deja 36.52 NA NA 2.66 NA 
27 Tunisia El-Kef 36.10 NA NA 1.62 NA 
28 Tunisia Mateur 37.03 NA 377 0.21 NA 
29 Tunisia Menzel Temime 36.45 NA 386 1.95 NA 
30 Tunisia Oued MeHze 37.55 NA NA 2.63 NA 
31 Tunisia Ras Rajel 37.21 NA NA 0.20 NA 
32 Turkey Adana 37.00 35 537 1.96 124 
33 Algeria Setif 36.09 1023 301 0.84 129 
34 Syria Tel Hadya 36.01 284 337 1.94 112 
35 Syria Jindiress 36.24 210 S05 3.29 134 
36 Algeria Kharoub 36.25 640 475 1.37 137 
37 Colombia Surabata 05.49 2540 5272 0.65 87 
38 Cyprus Laxia 35.06 ISO 254 0.36 112 
39 Algeria Quadah NA NA NA 0.87 83 
40 Algeria Sidi Bel Abbes 35.11 488 300 2.05 III 
41 Algeria Guelma 36.29 300 301 1.53 84 
42 France Mont boucher 44.34 136 340 0.87 167 
43 Italy Tarquinea 42.15 SO 157 4.66 131 
44 Italy Catania 37.28 700 341 2.33 149 
45 Italy Capalbio NA NA NA 2.17 190 
46 Jordan lrbid 32.33 620 510 0.24 124 
47 Turkey Balikhesin 40.19 NA NA 1.03 NA 
48 Libya EI- Safsaf 32.49 580 NA 1.09 NA 
49 Morocco ZemMemra NA 450 1962 0.89 105 
50 Spain Granada 37.20 950 NA 0.62 154 
51 Syria lzra'a 32.51 575 405 1.98 132 
52 Syria Deir-ez-Zor 32.50 NA 432 1.66 127 
I. NA = data not available. 
2. Additional irriaation wu provided but amount not reported. 
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(Fig. I a). The strongest grouping for both characters, 
but especially for time to 50% flowering, mainly in-
cluded locations in West Asia (Jordan, Syria, and 
Lebanon) and southern Europe (the Iberian Peninsula 
and Greece). In the grouping on yield, three locations: 
Surabata (Colombia), Ras Rajel (Tunisia), and Izmir 
Table 2. Analy. of variance for seed yield and estimated components of variance for 23 chickpea lenotypes in 37 
locations in 1985/86 and 39 locations in 1986/87. 
1985/86 
Source SS MS 
of variance df (xl()4) (" 1()4) 
Genotypes (G) 22 1039.6 47.25** 
Location (L) 36 119090.0 3308.00** 
G"L 791 6048.8 7.65** 
G " L between cluster 131 1298.0 (21.4)1 
G " L within cluster I 264 I 106.3 (18.2) 
G " L within cluster 2 44 520.4 (8.6) 
G x L within cluster 3 22 60.0 (1.0) 
G " L within cluster 4 22 24.3 (0.4) 
G " L within cluster 5 44 187.6 (3.1) 
G " L within cluster 6 264 2852.5 (47.1) 
G " L within cluster 7 
Pooled error 2346 7502.2 3.20 
0,,2 = 1.0704 " 104 oi=0.8515 - 1()4 
0",2 = 4.4492 - 1()4 0,,12 = 2.8028 - 1()4 
0c2 = 12.7915" 1()4 oe2 = 13.1161 - 1()4 
a 2 . a 2 - 1'42 8 . 81 - •• 0,,2: agl2 = 1:3.45 
I. Values in parentheses are the contribution to SS as per cent of SS due to G )( L. 
•• Significant at P= 0.01. 
df 
22 
38 
836 
132 
308 
66 
44 
22 
22 
66 
176 
2499 
1986/87 
SS 
("I()4) 
794.4 
65417.0 
5084.4 
1389.0 (27.3) 
1044.8 (20.5) 
557.0 (10.9) 
321.1 (6.3) 
75.2 (1.5) 
76.5 (1.5) 
21.3 (4.2) 
140.7 (27.7) 
8194.3 
36.11** 
1721.50** 
6.08*· 
3.28 
Table 3. Analysis of variance for seed yield for 11 common chickpea genotypes in different locations combined over 
1985/86 and 1986/87 seasons. 
Source of 
variation df 
Genotype (G) 10 
Location (L) 51 
G-L 510 
G " L between cluster 40 
G " L within cluster I 210 
G" L within cluster 2 10 
G " L within cluster 3 10 
G - L within cluster 4 50 
G - L within cluster 5 (ungrouped) 190 
Year (Y) I 
Y"L 21 
G" Y/Loc1 2411 
Pooled error 2210 
l.. ODe d.f. less due to a missing combination of genotype and environment (242-1) . 
•• Sipif1CADt at P = 0.01. 
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SS 
(" 104) 
744.80 
74060.00 
3933.00 
583.10 (14.8) 
1601.00 (40.7) 
38.73 (1.0) 
28.58 (0.7) 
504.2 (12.8) 
1176.00 (29.9) 
/.1030.80 
20710.00 
1210.00 
7228.58 
74.48 
1452.00" 
7.71*· 
11030.80" 
986.19** 
5.02·· 
3.27 
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14 
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47 
32 
6 
b. Days to SO% f1owering~ 
1985/86. 
38 1 52 37 
16 2 18 8 4 9 19 I I 6 
Location code 
d, Days to 50% flowering • 
1986/87. 
5144 
43 \ 5219 32 
41 20 16 42381840 4 284 
23 15 2 I 24 /0 39 6 17 lJ 33 45.50 
Location code 
1985/86 d 1986/87 an 
I 
I 
I r 
SO 7 48 46 52 38 
45 2 4 8 2S 36 41 II 24 
I 
44 
42 
39 49 
2 33 
14 IS 
3 13 
I 
37 
22 
21 143 32 
I 6 31 
30 
19 
Location code 
Fiaure 1. Dendrograms showing amalaamation of locations based on: a. seed yield, 1985/86; b. days to 
50% Dowering, 1985/86; c. seed yield, 1986/87; d. days to 50% Dowerinat 1986/87; and e. seed yield 
combined over 1985/86 and 1986/87. 
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(Turkey). were quite distinct and were amalgamated at 
low similarity index values. Surabala also was an 
outlier in days to .50% flowering. 
In the seed yield data for 1986/87, clustering of 
locations was initiated earliest at 70% similarity values 
(Fig.lc) when two clusters were fonned each with two 
locations, Terbal (Lebanon), and Catania (Italy), in the 
first case, and Madrid (Spain), and Izra'a (Syria), in the 
second. All four locations represented medium eleva-
tions sites. At the 55% similarity value. a large number 
of locations were grouped giving rise to five clusters: 
Cluster I (20, 44, 42, 17, 51, 13, 23, 38,40, 2, 10, 22, 1, 
and 16); Cluster II (30, 24, and 48); Cluster III (43, 34, 
26, and 052); Cluster IV ( IS and 21 ); and, Cluster V (27 
and 18), which later merged at the 050% similarity value. 
Based on the amalgamation process at similarity values 
lower than 55%, the ungrouped locations were put into 
twoclustcrs, Cluster VI (33, 19,405, and 46) and Cluster 
VII (41, 39, 14,35,49,50,47,32, and 6). 
The dendrogram based on time to 50% flowering 
revealed that a large number of locations amalgamated 
in a way similar to that for seed yield (Fig. Id). As in 
che previous year, locations such as 35 and 14 amal-
lamated much earlier on days of 50% flowering (Fig. 
Id) than on seed yield (Fig. Ic). 
In general, the grouping was weaker in 1986/87 
than in 1985/86, especially for days to 50% flowering. 
Nonetheless, a similar pattern emerged, in that the 
closest assgciations occurred amongst locations in West 
Asia and southern Europe. Of the 22 locations that 
were common to both analyses, half grouped in the 
same way in both years. Locations in North Africa 
appear distinct from those in the above regions, but 
showed no consistent grouping amongst themselves. 
The seed yield data for the entries common to both 
years were pooled and a further analysis was carried out 
with data from all 52 locations that were used in one or 
both years. The four clusters formed at the 60% 
similarity index level (Fig. Ie) basically confinned the 
groupings of the more diverse set of genotypes of the 
individual years. TIteIC clusters, encompassing 32 of 
the 52 loeations, amalgam8led at the 55% level of 
similaricy index. 
A.aI,1IIs of Variaace 
When rbe clusters for yiekl were incOlpOrated into an 
ANC'N A. 21 % of the tetal SS due to G x L interaction 
could be sepnsed into a between cluster G x L inter-
Idion forthe first year's data.. 27% for the second year's 
dIta, IIId 15~ for the combined data set (Tables 2 and 
3). 1M conesponding figures for the proportion of the 
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total sum of squares (55) remaining within the major 
cluster were 18, 21, and 41%. These values were 
disappointingly small in the first case and large in the 
second. They reflect the relatively low level of the 
similarity index at which clusters fonned in the cluster 
analyses, and illustrate that while the grouping was 
relatively consistent, a good deal of diversity remains 
within the clusters. 
The inclusion of clusters in the analysis of variance 
allowed the ratio of the component of genotypic vari-
ance ( a 2) to the G x L interaction component (0 12) 
, j 
to be reduced within the clusters to 1 : 1. It is worth 
mentioning that in the clusters fonned by grouping the 
ungrouped locations at much lower similarity indices 
this ratio increased, showing that the environments 
within these clusters were quite diverse. This sug-
gested that environmental effects which were associ-
ated with locations in detennining differential genotypic 
responses were reduced when relatively homogeneous 
locations were put together in clusters. Thus, by 
clustering, the predictability of perfonnance of differ-
ent genotypes within clusters should increase, and the 
identification of specific types of genotypes suitable 
for specific clusters, zones of environments would be 
possible. 
General Discussion 
From the results we can begin to propose tentative 
guidelines for selection of material with specific ad-
aptation for inclusion in international nurseries. It 
appears that selection for perfonnance at Terbol, the 
ICARDA sub-station in Lebanon, should be relevant to 
much of5yria, the drier areas of Algeria represented by 
5idi Bel Abbes, and parts of the Iberian Peninsula. This 
is our first attempt to carry out a spatial analysis of the 
data from these trials. Further work, and probably 
further infonnation, is needed to make full use of the 
infonnation in the data sets. No association was found 
between latitude and days [0 flowering of the genotypes. 
The latitudinal range was too small, and the tempera-
ture effect too large. Temperature data are not available 
for most of the sites, but we have taken initial steps to 
remedy that in 1989 by providing automatic weather 
stations at selected locations. 
The size of the present data set, and in particular its 
continuity, is limited. Inclusion of data from other 
years in a much larger analysis is planned. Sufficient 
data over a longer time may help to interpret the effects 
of season·to-season variability in weather patterns which 
is a problem for yield data interpretation in semi-arid 
enviromnents. 
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Session 7 
Main Items or Presentation and Discussion 
• In networks two points are imponant, namely. 
complementarity of research work and leadership 
in management. For example in North Africa 
through ICARDA sponsorship. the three national 
coordinators. and scientists met to classify their 
problems into common, bilateral. and unilateral. 
They then decided to strengthen cooperation in 
the very few common problems to which all three 
national programs could contribute. Leadership 
was given by the program having the most ex-
pertise to deal with each particular problem. 
• The difficulties of interpreting the results of 
international nurseries and trials will continue 
unless there is information on the environment 
and soils at test locations to assist in the interpre-
tation of results. 
• In northern India, growing early-maturing culti-
vars can reduce the risks of foliar diseases in-
cluding ascochyta blight. Since most chickpea 
cultivation in that region is rainfed. the produc-
tivity will also be stabilized by the short duration 
of such cultivars per se. 
• International trials are important. but need to be 
specific in purpose. There is a North Central 
Soybean Uniform Trial in the USA for advanced 
breeding lines. submitted by breeder cooperators 
from university and state groups. This trial ad-
vances breeding objectives. because breeder-
cooperators gain access to each others' materials 
for testing and use as parents. International 
chickpea trials also include entries developed by 
cooperators. For instance. JO 74 and P 436 from 
India have been released in Nepal and My.anmar 
and the use of such cultivars as parents is exten-
sive. 
• Whether NARSs prefer to receive replicated tri-
als or observation nurseries depends on the capa-
bility of the individual NARS. Programs in which 
one scientist looks after several legume crops 
usually request advanced lines. whereas at the 
other extreme some NARSs Iequest segregating 
populations. or even ask for specific crosses to 
be made. 
• The practice of Jf8Zing or 'nipping' of chickpea 
is followed in parts of India to restrict excessive 
vegetative growth. No research data appear to be 
available to measure the value of this practice. 
• The accepted coefficient of variation for repli-
cated chickpea mals should be 20% or less. 
• The outreach research activities for a particular 
tethnology transfer should continue as long as 
the host country Iequests assistance. Three to 
five years' outreach research for chickpea may 
be a minimum to identify constraints in farmers' 
fields and to generate effective technologies to 
overcome these constraints. 
• The rate of technology transfer will vary. If the 
technology is effective. it spreads fast. Although 
the production technology for chickpea is eco-
nomically viable. and properly demonstrated. its 
rate of adoption is low. This slow adoption is 
because chickpea is not being supported by favo-
rable public policies (remunerative prices). TIle 
difference between what a producer gets and a 
consumer pays is 20% for cereals but more than 
100% for chickpeas. 
• For irrigated conditions. wilt-resistant long-dura-
tion genotypes. and for residual moisture condi-
tions the early variety ICCV 2 have been found 
best in Madhya Pradesh, India. In the last 2 years 
the chickpea varieties ICCV 2. and ICCC 37 have 
been introduced through joint action of JNKVV. 
ICRISAT, and the Department of Agriculture. 
• The merits of specific genotypes and management 
practices differ under irrigated and rainfed condi-
tions. Under irrigated conditions most varieties 
respond well to management. Recently bred 
chickpea varieties have the advantage of wilt re-
sistance. Under residual moisture. varieties which 
are about a month earlier than previously avail-
able varieties complete their life-cycle before end 
of season'drought develops. Thus the crop can 
make effective use of available moisture. 
• Three practices can be used to conserve moisture 
under minfed conditions and ensure good plant 
stands. These are. sowing as early as possible 
after the harvest of the rainy-season crop. deep 
sowing. and sowing early-maturing varieties. 
• In multilocational trials the best variety for a lo-
cation is identified by its performance. However, 
there is no critical analysis of the reasons for this 
performance and this is required if better breed-
ing strategies are to be developed. 
• It is imperative that full data sets be collected on 
plant and on environment. 
Recommendations 
Networks 
• ICRISA T and ICARDA should maintain their re-
search networks to ttansfer gennplasm and crop 
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management practices, and to disseminate infor~ 
mation (e.g., ICRISAT's SDI service). Since one 
of the most valuable payoffs in networking is the 
improved communication among NARSs, Inter-
national Agricultural Research Centers (IARCs) 
should pay particular attention to promoting such 
interaction. 
• NARSs should be more involved in planning and 
running network activities. This will ensure their 
contribution to joint efforts, e.g., by entering 
germplasm into international nurseries. 
• Generations of segregating populations requested 
by NARSs should be provided by IARCs. 
• Selection should take place when possible in the 
environments where the crop is to be grown. One 
effective way to provide genetic variability to 
NARSs for selection in their specific ecological 
conditions is to develop homozygous, heten>ge-
neous populations by means of single-seed de-
scent. Early generation populations can be sub-
jected to negative screening for critical character-
istics. for instance wilt resistance. at IARCs. 
Non-segregating variable F6 populations can be 
sent to NARSs for selection for adaptation and 
agronomic merit. 
• Environmental data including that for soils should 
be routinely provided by NARSs to network cen-
ters. 
• Mechanisms need to be introduced to ensure 
quality control of network products, and partici-
pants need to be accountable for the quality of 
their research results. One way to ensure such 
accountability 1S to empower the network's steer-
ing committee to modify or terminate network 
projects. 
• TIle purpose and value of a network must be fully 
explained to research directors so that participants 
receive adequate support for collaborative efforts 
from their parent institutions. 
• lARes should strive to establish effective links 
with all participants in the global enterprise of 
agricultural research and development, e.g .• 
NARSs, United Nations organizations, universi-
ties, Non-Governmental Organizations, bilateral 
aid agencies. and the private sector. 
Training 
• Training activities should be tailored to the needs 
of individual NARSs. 
• Traveling workshops should be more widely held. 
The 'traveling workshop' is a panicularly useful 
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mechanism for training, and helps to build cohe-
sion among all network members. 
• It is recommended that IARCs and NARSs con-
duct training courses for research technicians on 
trial management to improve the experimental 
precision of network: trials. 
Technology De\relopment and Verification at Farm 
Level 
• The IARCs should assist NARSs in the develop-
ment of on-farm research methodology develop-
ment, with emphasis on a multidisciplinary ap-
proach. A spinoff from such an approach would 
be improved links between research and exten-
sion. 
Session 7 
Principaux themes de presentation et de discussion 
• Deux points sont import ants dans les reseaux, 
notamment la complementarite des travaux de 
recherche et la direction dans la gestion. Par 
exemple, en Afrique du Nord, a travers Ie par-
rain age de I'ICARDA, les trois coordonnateurs 
nationaux et des chercheurs se sont reunis pour 
classer leurs probl~mes en problemes communs, 
bilateraux. et unilateraux. Ensuite, ils se sont 
decides de renforcer la cooperation dans les 
problemes communs tres peu nombreux aux-
quels tous les trois programmes nationaux 
pourraient contribuer. La direction etait assu-
ree par Ie programme ayant Ie maximum de 
competences pour entamer chaque probleme 
particulier. 
• Les diffieultes d'interpretation des resultats 
obtenus a partir des pepinieres et des essais 
internationaux continueront tant qu'on ne dis-
pose pas d'informations sur l'environnement et 
les sols a des emplacements d 'essais qui aide-
raient l'interpretation des resultats. 
• En Inde du Nord, l'exploitation des cultivars a 
maturation precoce peut reduire les risques de 
maladies foliaires y compri! la fll~trissure uco-
chytique. Puisque la plupart de la culture du 
pois chiche dans cette region est pluviale, la 
prociuctivite sera egalement stabilisee par Ie 
cycle court de tels cultivars per Ie. 
• Des essais intemationaux lont importanu, mais 
doivent avoir un objectif precis. II existe un 
Essai uniforme de soja pour Ie Centre nord 
(North Central Soybean Uniform Trial) aux 
Etats-Unis pour les lignees de selection avan-
cees, soumises par les selectionneurs cooperants 
provenant des &l'oupes universitaires et de I'Etat~ 
Cet essai permet d 'avancer les objectifs de selec-
tion, car Ies selectionneurs cooperants gagnent 
I'acces aux materiels de Pun et de I'autre pour 
des essais et pour l'utilisation en tant que geni-
teurs. Des essais intemationaux de pois chiche 
comportent aussi des entrees mises au point par 
les cooperants. Par exemple, JG 74 et P 436 en 
provenance de l'lnde ont ete vulgarises au Ne-
pal et au Myanmar. L 'utilisation de tels culti-
vars en tant que geniteurs est extensive. 
• La preference des Systemes nationaux de re-
cherche agricole it recevoir des essais avec repe-
titions ou des pepinieres d'observation depend 
des competenees des Systemes individuels. Les 
programmes dans lesquels un seul chercheur 
prend en charge plusieurs cultureslegumineuses, 
demandent normalement des lignees avancees. 
A I'autre extr!me, quelques Systemes natio-
naux demandent des populations segregantes, 
ou parfois demandent m~me la realisation des 
croisements specifiques. 
• La pratique de plturage ou "pin~age" (nipping) 
du pois chiche est adopte dans quelques regions 
de l'Inde pour restreindre la croissance vegeta-
tive excessive. Peu de donnees de recherche 
semblent !tre disponibles pour mesurer la valeur 
de eette pratique. 
• Le coefficient de variation aceepte pour des 
essais avec repetitions du pois chiche doivent 
!tre de Pordre de 20% ou moins. 
• Les activites de recherche hors-station pour un 
transfert de technologie particulier doivent con-
tinuer tant que Ie pays hate demande I'assist-
ance. Trois it cinq annees de recherche hors-
station pour Ie pois chiche peut ~re un minimum 
pour identifier les contraintes dans Ie milieu reel 
et pour engendrer des technologies efficaces 
pennettant de sunnonter ees contraintes. 
• Le taux de transfert de technologie varierait. Si 
la technologie est efficace, elle serait rap ide-
ment adoptee. Bien que la technologie de la 
production du pois chiche est viable Ceono-
miquement, et dcmontree d 'une maniere con-
venable, son taux d'adoption est bas. Cette 
adoption lente est parce que Ie pois chiche n'est 
pas soutenu actuellement par des politiques 
publiques favorables (prix mnunCratifs). La 
difference entre ce que Ie prod ucteur re~it et ce 
que Ie consommateur paye est de 20% pour les 
cereales mais de plus de 100% pour Ie poia 
chiche. 
• Pour des conditions irriguees, des genotypes 
resistants au fletrissement et it cycle long, et 
pour des conditions de humidite residuelle la 
variete precoce ICCV 2 ont ete repcrees comme 
meilleures it PEtat de Madhya Pradesh en (nde. 
Dans les deux demieres annees, les varietes de 
pois chiche ICCV 2 et ICCC 37 ont ete introdu-
ites par "action conjointe du JNK. VV, de I'lCRI-
SAT, et du Departement de l'Agriculture. 
• Les merites de genotypes specifiques et des pra-
tiques de gestion sont differentes dans des con-
ditions irriguees et pluviales. Dans les condi-
tions irriguees, la plupart des varietes repondent 
bien it la gestion. Des varietes de pois chiche 
selectionnees recemment ont I'avantage de re-
sistance au fletrissement. Sous Phumidite resi-
duelle,les varietes qui sont environ un mois plus 
precoces que Jes varietes disponibles aupara-
vant achevent leur cycle de developpement 
avant Ie debut de la secheresse fin-de-saison. La 
culture peut donc exploiter effectivement I'hu-
midite disponible. 
• Trois pratiques peuvent ~tre utilisees pour con-
server l'humidite dans des conditions pluviales 
et pour assurer un bon etablissement. Ce sont, 
Ie semis aussitat que possible apres Ia recolte de 
la culture de la saison pluviale, Ie semis en pro-
fondeur, et Ie semis des varietes it maturation 
precoce. 
• Dans des essais multilocaux, la meilleure vari-
ete pour un emplacement est identifiee par sa 
performanee. Cependant, il n'y a pas dtanalyse 
critique des raisons de eette performance. Cette 
analyse est necessaire si I'on envisage Ia mise au 
point de meilleures strategies de selection. 
• II est imperatif que les ensembles de donnees 
complets soient collectes sur la plante et sur 
J'cnvironnement. 
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RecommanclatJons 
Reseaux 
• L'ICRISAT et I'ICARDA doivent conserver 
leurs reseaux de recherche &fin de transferer les 
res sources genetiques et les pratiques de gestion 
des cultures, et de diffuser les informations (par 
exemple, Ie Service de diffusion selective de 
l'information (DSI) de I'ICRISA T). Puisque 
l'une des benefices les plus utiles de la creation 
des reseaux est la communication amelioree 
entre les Systemes nationaux de recherche agri-
cole, les Centres internationaux de recherche 
agricole doivent accorder une attention particu-
liere it la promotion de telles interactions. 
• Les Systemes nationaux doivent participer da-
vantage dans la planification et I'operation des 
activites de reseau. Cela assurera leur contribu-
tion aux efforts conjoints, par exemple, par 
I'introduction de ressources genetiques dans les 
pepinieres internationales. 
• Les generations de populations segregantes de-
mandees par les Systemes nationaux doivent 
etre fournies par les Centres intemationaux. 
• Dans la mesure du possible, la selection doit 
s'effectuer dans les environnements oil la cul-
ture serait exploitee. U ne methode efficace de 
foumir la variabilite genetique aux Systemes 
nationaux pour la selection dans leurs condi-
tions ecologiques specifiques est de developper 
des populations heterogenes homozygeuses it 
I'aide de la methode de filiation unique. Des 
populations des premieres generations peuvent 
etre soumises au criblage negatif pour les carac-
teristiques critiques, par exemple, la resistance 
au fietrissement, aux Centres internationaux. 
Les populations F 6 variables non-segregantes 
peuvent etre envoyees aux Systemes nationaux 
pour la selection pour I'adaptation et la merite 
agronomique. 
• Les donnees de l'environnement y compris 
celles des sols doivent etre regulierement four-
nies par les Systemes nationaux aux centres des 
reseaux. 
• Des mecanismes doivent e:tre introduits pour 
assurer Ie contr61e de la qualite des produits du 
reseau, et les participants doivent e:tre respon-
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sables pour la qualiu des resultats de leur 
recherche. Une f~on d'assurer une telle respon-
sabilite est d 'auto riser Ie co mite de direction du 
reseau it modifier ou it mettre fin aux projets de 
reseau. 
• L'objectif et la valeur d'un reseau doit e:tre 
explique en detail aux directeurs de recherche 
afin que les participants puissent recevoir, de 
leurs institutions meres, un soutien adequat 
pour les efforts collaboratifs. 
• Les Centres internationaux doivent s'efforcer it 
etablir des liens efficaces avec tollS les partici-
pants dans I'entreprise globale de la recherche et 
Ie developpement agricole, par exemple, les 
S ystemes nationaux, les organisations des N a-
tions-Unies, les universites, les organisations 
non-gouvemementales, les agences d 'aide bilate-
rale, ainsi que Ie secteur prive. 
Formation 
• Les activites de formation doivent etre adaptees 
aux besoins des Systemes nationaux individuels. 
• Les "ateliers itinerants" doivent etre tenus plus 
largement. L 'atelier itinerant est un mecanisme 
particulierement utile pour la formation et 
permet de developper la cohesion entre tous les 
membres du reseau. 
• Il est recommande que les Centres internatio-
naux et les Systemes nationaux mettent en 
place des cours de formation pour les techni-
ciens de recherche sur la gestion des essais afin 
d 'ameliorer la precision experimentale des essais 
du reseau. 
La mise au point de technologie et la verification 
au niveau paysan 
• Les Centres internationaux doivent aider les 
Systemes nationaux dans Ie developpement de 
la methodologie de recherche en milieu reel, 
avec l'accent sur une approche pluridiscipli-
naire. Un resultat d'une telle approche serait 
I 'amelioration des liens entre la recherche et la 
vulgarisation. 
Appendix 

Overcoming Constraints to Chickpea Production 
A Questionnaire for 
"Chickpea in the Nineties" 
Second International Workshop on Chickpea Improvement 
4--8 December 1989 
ICRISA T Center, Patancheru, A.P. 502 324, India. 
Purpose 
To identify major biotic. abiotic. socioeconomic. and research constraints that need to be overcome to ensure high and 
stable chickpea production and utilization, and to determine possible future chickpea production trends. 
Your response to this questionnaire along with others received will be analyzed by the Workshop Organizers. The 
results will be published in the Proceedings and widely circulated to planners and administrators in chickpea-growing 
countries. It is hoped that this provide guidance for them scientists and for help national and international institutions to 
develop rele'vant plans to overcome the constraints to chickpea production. Without your answers important aspects 
could be missed; it is therefore ultimately in your own interest and that of the chickpea producers in your country to 
complete this little task. 
Please bring your completed questionnaire to the Workshop 
Instructions 
• Please consider the effect that each item listed within a section presently has on chickpea yield. production. and 
utilization in your country or district. 
• Mark (x) the relative importance of each constraint: 
Example VI I SI N 
VI - Very Important x 
I - Important x 
SI - Somewhat Important x 
N - Not Important x 
• Rank the 3 most serious constraints within each section in order of importance (I = most important), 
• Please follow special instructions in Sections 4.2, 5.2 and B. 
Before you start please answer: 
Name 
Address 
Designation 
My answers are for my whole country (name country) 
or 
only for my own region (District. State. Province etc) (name) 
Your field (mark one) 0 Research 0 Extension 0 Education 
For the country or district that you are reporting, please indicate approximate: 
Latitude Longitude Altitude 
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A. Constraint Identification 
l. Importance of each subject In overcoming con-
straints to chickpea production. 
Mark (x) relative 
Rank importance of each 
top 3 .. -
Subject urea: VI I SI N 1-3 
Genetic resources 
Breeding 
Entomology 
Pathology 
Agronomy 
Physiology 
Economics 
Food technology 
Technology transfer 
to farmer 
Technical information 
for scientists 
Others (list) 
2. Genetic Resources 
Mark (x) relative 
Rank importance of eadl 
top J ~-
Lack of: VI I SI N I-S 
, Collections 
.-
-
Descriptions 
Evaluations 
Maintenance 
Availability 
-
Dtalogs 
Variability 
Enhanced material 
Others (list) 
3. Breeding 
Mark (x) relative 
Rank 
importance of each 
top 3 
Lack of: VI I SI N 1-3 
Germplasm variability 
Breeding methodology 
Screening techniques 
Adaptation to farmers' 
conditions 
Crop stability 
Adequate research 
Availability of 
improved seed 
Othl'rs (list) 
4. Entomology 
4.1 Insect pests 
Presence of: 
HeliC'CH'f'rpa (HeIiOlhiJ) 
pod borer 
Semiloopers 
Spudoplf'ra sp 
Cutworms 
Leaf miner 
Aphids 
White grubs 
Secona weevil 
Bruchids 
Mt'lapina lip 
(nodule-damaging fly) 
Others (list) 
4.2 Pest Management 
Mark (x) relative 
Rank 
importance of each 
top 3 
VI I SI N \-3 
For the 3 most important insects in 4.1 
Mark (x) relative importance of each 
Rank I Rank 2 Rank 3 
Inade4uate: VI I SI N VI I SI N VI I SI N 
Chemical control 
Chemical 
availability 
Knowledge on 
resistance 
to insecticide 
Genetic resistance 
to insects i 
Integrated control 
methods 
Screening 
techniques I 
Research efforts 
Others (list) 
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s. Pathology 
5.1 Diseases 
Presence of: 
Ascochyta blight 
Black root rot 
80trytis gray mold 
Alternaria blight 
Collar rot 
Colletotrichum blight 
Phoma blight 
Stemphylium blight 
Rust 
Powdery mildew 
Sclerotinia stem rot 
Fusarium wilt 
Verticillium wilt 
Dry root rot 
Wet roor rot 
Phytophthora 
root rot 
Foot rot 
Bacterial blight 
Stunt virus 
Alfalfa mosaic virus 
Cucumber mosaic virus 
Bean yeJlow 
mosaic virus 
Lettuce necrotic 
yellows virus 
Pea enation 
mosaic virus 
Pea streak virus 
Nematodes 
Others (list) 
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Mark (x) relative Rank importance of each top 3 
VI J SI N 1-3 
I 
5.2 Disease Manacement 
For tbe 3 mosl Important diseases in S.I 
Mark (x) relative importance of each 
Rank J Rank 2 Rank J 
Inadequate: VI I SI N VI I SI N VI I SI NI 
Seed dressing 
Chemical control I 
Genetic resistance 
Stability of 
resistance 
Integrated control I I 
Screening 1 
teChniques . 
Research efforts 
Others (list) 
6. Agronomy 
~ (,) "),,;,, Rank importance of each top 3 
Stresses: I Sf N 1-3 
Poor ,soil structure 
Poor soil fertility 
Deficiencies 
Toxicities 
Poor seed bed 
preparation 
Poor seedling 
emergence 
Poor nodulation 
Poor plant 
population 
Weed infestation 
Poor cultivation 
during growth 
Poor crop growth 
Waterlogging 
R Lack of rain Excessive vegetative growth 
Short season length 
Harvest losses 
Inadequate research H Others (list) 
7. Physiology 
Mark (x) relative Rank importance of each 
top 3 
Stresses: VI I 51 N 1-3 
Nutrition 
Water uptake 
Drought 
Humidity 
Salinity 
Acidity 
High temperature 
Low temperature 
High radiation 
(excess sunshine) 
Low radiation 
(cloudiness) 
Growth rate 
Root development 
Plant architecture 
Flowering! podding 
Partitioning 
Pod drop 
Others (list) 
8. Food Technology 
Mark (xl relative Rank importance of each top 3 
Stresses: VI I 51 N 1·3 
Postharvest 10S'Ses 
Poor quality 
Lack of consumer 
acceptance 
Inadequate processillB 
facilities 
Lon, cooking time 
Poor product 
storability 
Othen (list) 
9. Economics 
Mark (x) relative 
importance of each 
Inadequate: VI I SI N 
Farmer financing 
Production stability 
Transport 
Stora bility 
Market size 
Prices r-
Price stability 
Marketing 
infrastructure 
Export trade 
Others (list) 
Yield·loss studies I 
Cost-benefit studies 
10. Technology Transfer to Farmen 
Factors: 
Farmers disinterested 
Farmers lack resources 
Too few extension 
workers 
Poor linkages 
with farmer 
Researchers too 
remote 
Insufficient on-farm 
research 
Lack of technology 
Technology not 
relevant 
Acceptability of 
technology 
Practicability of 
technololY 
Others (list) 
Mark (x) relative 
importance of each 
VI 51 N 
Rank 
top 3 
1-3 
Rank 
top 3 
1-3 
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11. Technical Information for Scientists 
and/or Extension Agents 
Mark (x) relative Rank importance of each 
top 3 
Lack of access to: VI I SI N 1·3 
Scientific journals 
Data bases 
Literature searches 
Extension pamphlets/ 
audio-visual aids 
Workshops 
Training opportunities 
Others (list) 
B. Estimated Future Productivity and Cropping Area of Chickpea 
I. Chickpea productivity (yield in kg ha- I ) 
Please put a mark (x) to indicate the expected increase or decrease in present chickpea productivity (kg ha-!) in your 
country (or district) in 5 and 10 years' time. 
Change (%) -80 60 -40 20 0 +20 +40 +60 +f\0 +100 
By 1995 
--
By 2000 
This for your country 0 or district 0 
2. Chickpea cropping area ('000 ha) 
Please indicate present and expected chickpea cropping area in your country (or district) in 5 and 10 years' time 
Area ('000 ha) 
Desi Kabuli Total 
Present 
By 1995 
By 2000 
This for your country 0 or district 0 
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Thank you for your help - please remember to bring this completed copy to 
'Chickpea in the Nineties', 
Responses to Questionnaire on Overcoming Constraints 
to Chickpea Production 
D.G. Faris and C.L.L. Gowda 
Purpose 
A questionnaire first suggested and originally 
designed by H.A. van Rheenen was provided to 
participants of the Workshop so they could iden-
tify major biotic, abiotic, socio-economic, and 
research constraints that need to be overcome to 
ensure high and stable chickpea production and 
utilization, and to determine possible future chick-
pea production trends. The results of this survey 
should provide guidance to planners and adminis-
trators in chickpea growing countries, and to 
scientists in national and international institutions 
involved in chickpea research. 
The Questionnaire 
The questionnaire is in two parts - A. Constraints 
identification and, B. Estimated future productivity 
and cropping area of chickpea. 
A. Constraints Identification 
The constraints were grouped into ten categories 
dealing with various crop research disciplines, 
economics, postharvest, and technology transfer 
activities (Table I). 
The sections on entomology and pathology 
listed the major insect pests or diseases. and a 
subsection on management of the three pests or 
diseases indicated as top ranking by each 
respondent. 
Respondents were asked to rate each constraint 
in the questionnaire into four classes: very impor-
tant (VI). important (1), somewhat important (SI), 
and not important (N). They were also asked to 
rank the three most important in each category. 
B. Estimated Future Productivity and Croppinl 
Area of Chickpea 
Here the respondents were asked to provide {or 
their own regions estimates area of chickpea pro-
ductivity (yield kg ha- I ) by the year 1995 and 2000. 
and chickpea area in 1995 and 2000. 
Results and Discussion 
The questionnaire was sent to the 90 external par-
ticipants to the Second International Workshop 
on Chickpea Improvement, held at ICRISA T Cen-
ter, 4-8 December 1989. Of these 63 questionnaires 
were returned that could be analyzed. Respond-
ents were from South Asia (Bangladesh-I, India-
25, Myanmar-2, Nepal-4, Pakistan-5, and Sri 
Lanka-I); West Asia (Cyprus-I, Iraq-I, Syria-4. 
and Turkey-I); Europe (Italy-I, and Spain-3); 
North Africa (Algeria-I, Egypt-I, Morocco-I, and 
Tunisia-I}; eastern African countries (Ethiopia-2, 
Kenya-I, and Sudan-I), Americas (Mexico-I, and 
USA-3) and Australia-2. For analysis items rated 
very important were scored 4, important 3, some-
what importanl2, and not important 1. The scores 
for each item were totaled for each country; and 
the sum of scores across country gave the overall 
scores. The detailed countrywise scores are in 
Table 1 and the scores across all countries in Table 
2. In the following paragraphs the results are dis-
cussed by section within the questionnaire. 
Out of 63 respondents {rom 22 countries, 25 
were from India. Therefore, there was concern that 
the overall results might be overshadowed by 
India. As it turned out the Indian responses did not 
significantly alter the overall rating (in the top-five 
bracket) of the constraints in each section. Whe-
never the Indian responses did affect the overall 
score these have been identified showing the 
change. 
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(N 
-.J Tole 1. Totalscorts for different subjects/disciplines as reported by respondents from different countries ClIO 
South Asia WANA Region Eastern Africa Europe Americas 
Bangla- In- Myan- Nt- Paki- Sri Aust- AJger- Cy- Eg- Moro- Sy- Tum- Tur- Etbi- Ken-- Su- It- Sp- Mex-
Code Description desh dia mar pal stan Lanka ralia ia pros ypt Iraq ceo ria sia key opia ya dan aly ain ieo USA 
AI.~01"''''''' 
la OYercGIIIiIIJ COII1ItraInts 
to pl'OIIadIoa 
AU Geuetic resoun::es 4 82 8 8 12 3 6 4 4 3 4 3 12 3 3 8 3 2 1 6 4 7 
A 1.2 Breedm, 3 91 7 14 16 I 8 4 4 4 4 4 14 3 2 8 4 4 3 12 4 12 
AU Entomoloay 3 70 6 9 9 3 5 3 2 1 3 3 11 2 3 6 3 3 2 4 4 2 
AI.4 Pathology 3 74 6 15 13 3 6 4 3 3 4 4 14 4 3 8 3 3 4 12 2 II 
AI.S Agronomy 4 74 5 14 12 3 6 4 3 2 2 4 15 4 3 8 3 4 3 II 3 6 
AI.6 PbysiolOl)' 3 58 6 7 13 2 5 3 3 2 2 2 12 0 4 6 2 4 3 7 2 5 
A I. 7 Economies 3 48 7 4 10 3 3 4 4 4 2 4 9 4 2 5 2 2 4 7 1 6 
AI.8 Food tecbBology 2 42 5 4 6 1 3 2 4 3 2 3 6 3 3 2 2 1 7 3 5 
A 1.9 T cchnology transfer to 
farmers 4 77 6 12 13 4 4 4 3 4 2 4 14 2 3 8 2 4 ) 11 2 4 
ALIO Technical information 
for scientists 3 59 8 10 13 4 4 4 4 3 2 4 11 I 3 1 2 4 1 5 2 S 
ALB Others (list) 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 
Al. Geaedc resources. "ck of: 
A2.I Collections 4 71 8 7 10 4 6 4 2 3 4 4 11 3 3 8 3 3 6 3 7 
A2.2 Descriptions 4 65 8 7 11 4 5 4 3 4 3 4 5 3 3 6 3 2 I 9 3 6 
A2.3 Evaluations 3 87 7 7 14 4 5 4 4 3 3 4 to 3 4 8 4 4 3 9 4 1 
A2.4 Mainteoance 3 74 6 1/ II 3 3 4 2 3 3 4 8 3 3 8 3 3 I 6 ) 1 
Al.5 Availability 4 72 3 9 II 3 7 4 3 3 4 3 to 3 4 8 3 4 1 6 4 10 
A2.6 Catalogs 3 68 3 7 9 1 5 4 3 2 2 3 6 3 3 6 3 4 2 II 3 6 
Al.1 Variability 3 80 0 II 14 2 6 4 4 4 3 4 8 3 4 8 3 4 1 7 4 1 
A2.8 EnbaDc:ed material 2 66 4 IS II 3 3 3 0 4 3 4 12 3 4 8 3 3 4 12 3 8 
A2.9 Others (list) 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Continued 
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Table 1. Continued. 
Code Desaiption 
A3 Bnediac, lack 01: 
M.I Germplasm variability 
A3.2 Breeding metbodology 
A3.3 Screening techniques 
AJ.4 Adaptation to farmers' 
conditions 
A3.S Crop stability 
A3.6 Adequate research 
A3.7 Availability of improved 
seed 
AU EDtomoloc, lnsec:t pesta: 
Ao4.1.1 HeJicoverpa pod borer 
A4. J .2 SetniJoopers 
Ao4.1.3 Spodoptera sp. 
A4.J.4 Cutworms 
Ao4.I.S Leaf miner 
Ao4.1.6 Aphids 
A4.1.7 White pubs 
A4.1.8 SitOlJll weevil 
Ao4.1.9 Brnchids 
Ao4.1.IO MetopiDlJ spp. 
Ao4.Llt Others (list) 
AU Pest ~ for tile 
thrte most iIIIportut u.ect 
pats ill AU, imulequate: 
Ao4.2.1 Chemical control 
Ao4.2.2 Cbemieal aVailability 
Ao4.2.3 Knowledge on resistance 
to insecticides 
Ao4.2.o4 Genetic resistance 
to inaec:t:s 
Ao4.2.5 Intqrated control methods 
Ao4.2.6 Screening techniques 
Ao4.27 Research efforts 
South Asia 
Bangla- In- Myan- Ne- Pati- Sri Aust- Alger- Cy-
desh dia mar pal stan Lanka ralia ia pros 
4 80 
3 73 
4 74 
4 85 
3 90 
3 73 
3 82 
4 100 
o 40 
o 29 
2 43 
o 27 
o 34 
o 27 
o 22 
4 72 
o 20 
o 5 
o 72 
o 57 
2 56 
4 80 
4 81 
2 68 
3 76. 
7 II 13 
7 8 14 
(j II II 
6 II 14 
3 IS 15 
6 14 15 
7 15 12 
g 12 20 
2 2 g 
3 2 7 
267 
523 
4 2 10 
164 
135 
5 g 13 
223 
000 
759 
748 
7 8 11 
8 12 15 
6 II 14 
7 8 10 
7 7 12 
3 
3 
3 
4 
4 
4 
4 
I 
3 
3 
2 
3 
I 
o 
3 
2 
3 
3 
4 
1 
4 
7 
4 
7 
4 
7 
5 
5 
7 
2 
2 
2 
2 
3 
2 
2 
2 
2 
o 
8 
7 
7 
6 
7 
6 
6 
4 
4 
3 
4 
4 
4 
4 
3 
1 
2 
2 
4 
I 
1 
1 
3 
1 
o 
4 
4 
4 
3 
3 
3 
3 
3 
4 
4 
2 
3 
3 
2 
2 
o 
o 
o 
3 
2 
o 
2 
3 
o 
o 
o 
o 
o 
o 
o 
o 
o 
WAN A Region Eastern Africa 
Eg- Moro-
ypt Iraq ceo 
Sy- Tuni- Tur- Etm- K.en- Su-
ria sia key opia ya dan 
3 
3 
2 
4 
4 
2 
4 
2 
2 
2 
2 
2 
4 
2 
2 
2 
I 
o 
4 
4 
4 
3 
3 
3 
3 
4 
4 
4 
3 
4 
2 
4 
4 
4 
3 
o 
4 
4 
o 
o 
4 
o 
o 
4 
3 
2 
4 
3 
3 
3 
4 IO 
4 6 
4 8 
3 10 
4 IO 
3 6 
4 12 
3 13 
I 4 
1 4 
I 5 
4 14 
1 8 
1 4 
o 5 
4 9 
I 4 
o 0 
o 9 
o 8 
o 5 
o 
o 
o 
o 
8 
6 
6 
8 
3 
3 
:\ 
2 
4 
2 
2 
3 
o 
o 
o 
3 
o 
o 
2 
2 
o 
o 
o 
o 
o 
o 
o 
o 
o 
4 
2 
2 
3 
3 
3 
3 
4 
o 
o 
o 
4 
o 
o 
o 
3 
o 
o 
o 
o 
o 
4 
4 
o 
o 
8 
7 
8 
8 
8 
8 
7 
7 
o 
o 
5 
4 
1 
1 
8 
o 
o 
6 
4 
8 
8 
8 
8 
8 
4 
4 
4 
3 
4 
4 
3 
3 
o 
o 
o 
3 
3 
o 
o 
o 
o 
o 
o 
3 
3 
4 
3 
4 
3 
4 
3 
4 
4 
4 
4 
3 
4 
I 
3 
2 
3 
4 
I 
I 
4 
I 
o 
3 
4 
4 
3 
4 
3 
4 
Europe Americas 
It- Sp- Mex-
aly ain ico USA 
6 
5 
5 
3 7 
I 7 
4 9 
4 12 
o 3 
o 3 
o :\ 
o 3 
4 9 
I 4 
o 3 
o 3 
o 8 
o 3 
o 0 
2 8 
1 5 
I 4 
4 
4 
4 
4 
4 
4 
4 
4 
1 
4 
I 
2 
2 
1 
1 
o 
2 
2 
3 
6 
7 
8 
7 
8 
6 
10 
2 
1 
3 
I 
4 
1 
I 
o 
S 
6 
s 
4 4 4 4 
4 10 4 7 
154 6 
4 7 2 6 
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South Asia WANA Resion Eutem Afrk:a Europe Americas 
BangIa- 10- Myan- Ne- Pui- Sri Aust- Alger- Cy- Ea- Morn- Sy- Tuni- Tur- Ethi- K.en- Su- It- Sp- Mex-
Code Description desh dia mar pal stan Lanka ralia ia pros ypt Iraq a:o ria sia key opia ya dan aly ain U:o USA 
M.I PatIIoIotJ. "eltll: 
M.I.I Ascochyta blight 0 68 0 2 16 2 2 4 4 3 4 4 16 4 4 3 4 4 9 0 12 
M.1.2 Black root rot 0 3S 3 3 7 2 I 3 4 0 7 I 0 S 0 4 I 3 0 2 
AS.I.3 Botrytis gray mold 4 .sS 0 12 S 4 2 4 I 7 0 2 0 I I 2 0 6 
M.1.4 Alternaria bliPt 0 3S 0 2 8 I 2 I 2 4 I 7 I I 2 0 I 2 2 0 2 
M.I.S Collar rot 4 4() 3 4 8 3 2 2 3 0 2 4 2 0 6 3 2 I 2 0 2 
M.I.6 CoUetotriehum blight 0 2B 0 2 S I 2 2 I 0 I 3 0 4 0 I 2 0 2 
AS. 1.7 Phoma blight 0 23 0 2 S I 3 3 I 0 0 3 0 I 0 I 2 0 2 
M.!.8 Stemphylium blight 0 24 0 2 4 I 2 2 I 0 3 3 0 0 0 I 2 0 2 
M.1.9 Rust 0 2B 0 2 6 2 2 2 I 2 3 I 4 0 4 0 2 2 3 2 
M.I.IO Powdery mildew 0 2B 0 I S 3 2 I 2 2 0 0 6 I 0 2 2 2 I 2 0 2 
AS.I.II Sclerotinia Item. rot 0 46 3 3 7 2 3 2 I 2 0 I 6 2 0 6 0 2 I 2 0 4 
AS.1.I2 Fusarium wilt 4 94 4 12 11 4 2 4 4 4 4 14 4 3 8 3 4 2 12 4 8 
AS.1.I3 Verticillium wilt 0 27 0 2 4 I 2 3 3 4 I 6 4 0 2 0 3 2 2 0 6 
AS.1.I4 Dry root rot 0 67 3 9 13 I 3 3 4 4 3 S 2 0 8 3 4 I 3 4 8 
AS.I.IS Wet root rot 0 43 0 2 7 I 2 I 4 4 0 S 0 0 8 0 4 I 2 4 4 
AS.1.I6 Phytophthora root rot 0 34 0 3 8 2 S I 2 0 I S 0 2 0 2 I 3 0 2 
AS.1.I7 Foot rot 0 38 3 2 S I 2 2 2 4 I S 0 2 3 2 I 2 0 4 
AS.1.I8 Bacterial blipt 0 30 0 2 7 I 2 I 2 0 I 3 I 0 2 0 I I 2 0 2 
AS.1.I9 Stunt virus 0 S8 0 2 7 I 3 3 2 4 3 S 3 I 7 4 4 I 7 0 S 
AS.I.W Alfalfa mosaic virus 0 20 0 2 6 I 3 2 2 4 0 2 0 0 0 3 I 0 0 4 
AS.1.21 Cucumber mosaic virus 0 22 0 4 4 I 3 2 2 0 0 2 0 0 0 0 3 I 0 0 2 
AS.I.22 Bean yellow mosaic virus 0 22 0 2 4 2 2 2 3 0 0 2 0 0 0 0 3 I 0 2 4 
AS.I.23 Lettuce necrotic: 
yellow virus 0 20 0 2 4 2 2 2 0 0 2 0 0 0 0 2 0 0 I 
AS.I.24 Pea enation mosaic virus 0 22 0 2 4 2 3 2 0 0 2 0 0 0 0 2 0 0 S 
AS.l.lS Pea streak virus 0 22 0 2 4 I 2 2 I 0 0 2 0 0 0 0 2 I 0 0 4 
AS.I.U Nematodes 0 33 0 3 7 2 3 4 I 2 0 3 10 3 0 0 0 3 2 I 0 I 
AS.I.27 Othen(list) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
CODtiDuetJ 
Table 1. CoatiDued. 
South Asia WANA Region Eastern Africa Europe Americas 
Bangla- In- Myan- Ne- Pa.ki- Sri Aust- Alger- Cy- E,.. Moro- Sy- Tuni- Tur- Ethi- Ken- Su- It- Sp- Mex-
Code Description desh dia mar pal stan Lanka ralia ia pros ypt Iraq ceo ria sia key opia ya dan aly aiD ico USA 
AS.lDlMue ........... 
for .. time .. OIl Import.ut 
f.tiIeaMI ill AS.I: 
M.2.1 Seed dressing 4 64 2 2 10 3 4 3 3 4 4 10 4 3 8 0 4 4 9 2 9 
M.2.2 Chemical control 1 58 4 8 3 3 2 3 4 0 10 0 4 2 0 ) 4 9 1 5 
M.2.) Genetic resistanc:e 0 90 4 12 12 4 5 4 4 4 4 4 II 4 3 8 0 4 4 12 2 12 
M.2.4 Stability of resistance 0 71 4 7 10 4 .5 4 4 4 3 4 10 4 3 8 0 4 4 II 4 12 
M.2.5 Integrated control 4 68 3 7 7 4 5 3 I 4 3 3 10 ) 4 8 0 4 0 12 3 II 
M.2.6 Screening techniques 0 68 4 8 9 5 3 4 3 4 3 6 I 2 8 0 1 4 10 2 II 
AS.2.7 Research efforts 2 73 4 7 9 4 6 4 4 4 4 4 9 3 0 8 0 4 4 10 ) 10 
A6 Apomooy 1treIIes: 
A6.1 Poor soil structure I 52 2 8 14 2 6 3 1 2 0 0 7 0 0 3 3 3 2 5 0 6 
A6.2 Poor soil Certility 3 61 5 6 13 3 2 4 2 2 0 0 8 0 0 4 0 ) 2 5 0 .s 
A6.) Def1Ciencies 3 45 2 4 10 4 I 2 2 0 0 8 0 0 4 0 ) I ) 0 5 
A6.4 Toxicities 1 35 2 3 6 2 I 1 2 0 0 5 0 0 4 0 3 I ) 0 ) 
A6.5 Poor seedbed preparation 2 47 7 II 12 I 3 4 2 2 4 4 I) ) 3 8 0 4 I 7 2 6 
A6.6 Poor seedling emergence 3 58 6 10 II 0 4 3 2 3 0 3 10 3 3 8 0 4 3 4 2 9 
A6.7 Poor nodulation 2 54 6 6 9 4 3 1 4 4 0 0 8 I J 4 3 4 I 6 0 9 
A6.8 Poor plant population 4 85 6 8 13 2 4 3 3 2 4 4 II 3 4 7 3 3 2 8 ) 9 
A6.9 Weed infestation 77 6 6 13 2 8 4 4 2 4 4 16 4 1 5 0 4 4 6 3 II 
A6.IO Poor cultivation during 
growth 59 6 5 II 0 2 4 4 2 4 3 5 3 0 8 0 3 2 8 0 4 
A6.11 Poor crop growth 62 3 6 12 4 4 3 3 2 0 2 8 2 0 8 0 3 0 7 0 5 
A6.12 Waterlogging I 33 3 3 7 0 5 I 2 0 0 6 I 0 8 4 2 1 ) 0 4 
A6.13 Lack ofraio 2 67 3 9 IS I 6 4 I I 4 4 IS 3 3 5 ) 4 1 10 4 7 
A6.14 Excess vegetative growth I 51 0 6 7 4 I I 3 0 0 5 I 0 2 0 2 3 0 4 
A6.IS Short season lengtb 3 49 4 2 5 6 I 3 I 4 0 9 3 0 7 3 4 3 0 6 
A6.16 Harvest losses 2 39 7 6 8 .5 2 3 2 4 0 12 2 3 4 0 3 5 0 4 
A6.17 Inadequate resean:h 4 62 7 7 II 4 5 4 3 3 0 2 15 I 0 8 4 2 4 II 1 9 
A6.18 Othen (list) 0 .. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
CoatiJIued 
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~ Table 1. Continued. 
t.) 
South Asia WANA Rcaion Ea&tera Africa Europe A..m.erK:aa 
BanJla- In- Myan- Ne- Paki- Sri AWlt- Alger- ey- Eg- Moro- Sy- Tuni- Tur- Ethi- Ken- Su- It- SP"' Melt-
Code Description desh dia mar pal stan Lanka ralia ia prus ypt Iraq c:co ria sia key opia ya dan aly am ico USA 
11.7 PllJIioIoIJ-.....: 
A7.1 Nutrition 0 57 6 10 9 4 5 3 2 2 3 3 8 3 0 
'" 
0 
'" 
2 8 2 7 
A7.2 Water uptake 0 SO 3 3 9 1 6 
'" 
3 
'" 
3 I 8 I 0 6 
'" 
2 3 10 2 8 
A 7.3 Drought 
'" 
82 
'" 
II 16 1 6 
'" '" 
4
'" 
4 16 4 4 8 4 4 3 II .. 8 
A7.4 Humidity 0 38 0 S 7 2 3 I I 2 I 9 I 0 1 3 1 
'" 
4 ) S 
A 7.S Salinity 2 47 3 4 7 I 2 I 4 2 5 0 2 3 3 ) 3 1 .. 
A 7.6 Acidity 0 35 3 8 , 2 3 I I 2 2 I 4 0 0 3 3 I 3 I S 
A 7. 7 High temperature 4 46 6 4 9 0 3 3 3 2 3 3 13 4 0 6 3 4 2 10 2 8 
11.1.8 Low temperature 0 45 2 6 10 3 7 3 3 
'" 
1 13 I 4 4 I I 4 5 1 I 
11.7.9 High radiation 3 2S 3 3 6 I 3 I JO I 0 2 I 3 I 9 I S 
A7.JO Low radiation 0 29 3 3 7 2 2 I I I 5 1 0 5 I I 3 1 S 
A 7.11 Growth rate 0 51 3 4 12 4 6 3 3 2 5 I 0 8 2 3 6 0 8 
A7.J2 Root development 4 53 3 4 11 3 3 0 3 I I 9 I 0 8 3 3 6 0 8 
A 7.13 Plant atdlikCtUre ] 61 2 5 10 7 4 3 0 I 10 I 3 6 3 0 6 .3 9 
A7.14 F10werinaJ podding 3 63 6 5 13 4 7 4 3 4 3 3 8 3 0 8 3 4 I 8 2 8 
11.7.15 Partitionins 0 65 0 4 10 2 7 4 3 1 0 11 I 0 8 3 4 I 5 
'" 
1 
A7.16 Pod drop 4 41 4 S 9 2 I 3 2 I .3 I 9 I 0 5 .. 3 I 1 2 7 
A 7 .17 Otbcrs (lilt) 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
AI Food tedmoIoo 1IreIIeI: 
AI. I POitbarYest losses 4 70 6 9 II 2 4 I 3 2 0 7 2 8 .. 4 I .. 4 6 
AS.2 Poor quality 0 38 6 9 7 2 7 2 3 
'" 
.. 0 5 I 4 3 2 3 .3 2 8 
AS.3 l..ack of COIlSUlJlef acceptance 0 38 .. .. 9 S 3 
'" 
I 3 12 0 3 4 1 1 .3 2 10 
AS." Inadequate processing 
facilities 3 56 3 7 10 I 
'" 
I 3 3 2 0 5 3 8 .. 4 1 .3 1 S 
AS.S Long cookinl time 0 38 3 2 6 2 4 2 3 2 3 0 8 .. 6 3 I .3 .3 2 6 
A&.6 Poor product Itorability 4 51 3 7 8 3 3 2 3 .. 3 0 6 2 8 3 .. t 3 2 6 
AI.7 Othln (lilt) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Table 1. Continued. 
South Asia 
Code Description 
A9 EcollOlllics, inadequu: 
A9.1 Farmer financing 
A9.2 Production stability 
A9.3 Transport 
A9.4 Storability 
A9.!i Market size 
A9.6 Prices 
A9.7 Price stability 
A9.8 Marketing infrastructure 
A9.9 Export trade 
A9.1O Othen (list) 
A9.1) Yield-loss studies 
A9.12 Cost-benefit studies 
Bangla-
desh 
In- Myan-
dia mar 
3 61 
o 80 
o 37 
4 69 
o 44 
o 74 
3 78 
o 60 
o 45 
o I 
3 56 
o 53 
3 
4 
3 
o 
4 
4 
2 
I 
6 
o 
7 
3 
All Tecbolou tnDIfer 10 fvnters; 
AIO.I Flll1IICn disinterested o 39 5 
6 
3 
2 
A 10.2 Farmen lack resources 
AIO.3 Too few extension workers 
A10.4 Poor linkqcs witb fanners 
AIO.!i Researchen too remote 
AIO.6 Insufficient on-farm 
research 
A 10.7 Lack oftecbnololY 
A10.8 Technology not relevant 
A10.9 Aa:eptability of technology 
A 10.10 Practicability of tcchnolOJY 
o 79 
4 57 
4 75 
3 52 
3 17 
3 45 
o 38 
3 62 
o 62 
6 
3 
2 
3 
3 
Ne- Paki- Sri Aust- Alger- Cy-
pal stan Lanka ralia ia prus 
4 
5 
5 
8 
4 
7 
7 
7 
3 
o 
6 
6 
5 
II 
6 
g 
9 
9 
8 
5 
9 
6 
13 
13 
8 
9 
9 
14 
14 
14 
9 
I 
8 
10 
8 
13 
7 
13 
t I 
13 
14 
8 
9 
14 
3 
4 
I 
3 
3 
3 
2 
o 
I 
3 
3 
3 
4 
4 
4 
4 
4 
o 
I 
3 
4 
6 
2 
2 
7 
7 
6 
6 
8 
o 
4 
3 
6 
2 
3 
3 
3 
4 
4 
2 
3 
2 
3 
4 
I 
2 
o 
o 
o 
2 
3 
4 
4 
3 
4 
3 
2 
4 
4 
2 
3 
2 
3 
3 
4 
3 
I 
o 
2 
3 
I 
2 
WAN A Region 
Eg- Mora-
ypt Iraq ceo 
3 
2 
4 
4 
4 
4 
2 
4 
I 
4 
o 
2 
2 
2 
3 
3 
2 
2 
2 
4 
4 
2 
4 
2 
3 
3 
3 
3 
3 
I 
o 
2 
2 
2 
2 
4 
2 
2 
4 
3 
o 
3 
3 
3 
4 
o 
o 
o 
4 
4 
3 
3 
o 
o 
o 
o 
3 
o 
4 
o 
I 
3 
Eastern Africa 
Sy- Tuni- Tur- Ethi- Ken-
ria sia key opia ya 
10 
12 
5 
7 
9 
15 
13 
8 
10 
o 
II 
11 
5 
9 
12 
13 
II 
13 
10 
7 
II 
9 
3 
3 
I 
3 
3 
3 
I 
2 
o 
3 
3 
3 
3 
3 
I 
2 
I 
2 
2 
3 
3 
o 
3 
o 
3 
4 
3 
o 
o 
o 
o 
o 
2 
3 
3 
o 
2 
o 
o 
o 
o 
6 
8 
5 
8 
6 
7 
7 
8 
8 
o 
7 
7 
3 
7 
6 
7 
6 
8 
4 
4 
6 
6 
3 
2 
2 
3 
2 
3 
3 
3 
3 
o 
4 
3 
4 
4 
2 
o 
o 
2 
2 
Su-
dan 
3 
4 
3 
4 
I 
4 
4 
I 
4 
o 
3 
4 
3 
3 
3 
4 
4 
2 
4 
4 
Europe Americas 
It-
aly 
Sp- Mex-
ain ico USA 
2 5 
4 10 
I 4 
4 
6 
4 6 
3 7 
I II 
2 II 
o 8 
3 9 
3 8 
3 6 
3 4 
4 II 
4 12 
I 9 
2 9 
I 4 
3 
6 
7 
2 
4 
2 
2 
4 
3 
4 
o 
4 
o 
3 
3 
3 
3 
4 
3 
4 
2 
2 
2 
2 
6 
II 
6 
7 
7 
)2 
12 
7 
5 
o 
5 
!i 
6 
7 
8 
5 
7 
5 
7 
4 
8 
8 
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A.l Importance of Each Subject in Overcomlna 
.~ In Constraints to Chickpea Production ;:. 
~ , 0 ............... - .......... .:> :1 .~ Among the subjects, breeding received the highest :.t 
overall score indicating its importance worldwide 
,*,.~ ............... 00=== 
8- (Table 2). Out of 22 countries, breeding was among 
0 the top-5 subjects in 20 countries (Table 1). In the 
... , ;.., N-_Q 
::I '::iG 
"" 
remaining two countries (Sri Lanka and Turkey) it 
:ls :; ............... ............... .:> 
ranked low. Pathology ranked second overall as a 
~ In~ subject for emphasis, with 16 countries placing it 
·c among the top five. Agronomy research and Tech-< I ... ..... .......... ............... c fi >-
E ::..= noJogy transfer to farmers were placed third and 
u 
.. ~.~ ..... 00 00 101000':> fourth overall. Countries such as Australia, Italy, :a 
"" Spain, and USA, as well as India, Kenya, Mexico, 
, >-
..... -- ---0 Syria, and Tunisia did not rate technology transfer ... u ~ .... among the top 5. 
'2 .!! ............... - - - 0 ~ III 
I ... 
~·c - ..... - 100 ..... 0 A.l Genetic Resources 
c 
0 
·so , 0 ..... 0 ..... ..... 00 ..... In genetic resources, lack of evaluation was rated ~ 0 8 ... 0 
::E high overall, and it was ranked high in all coun-
< 0" ............... ............... 0 
... tri~s, except Nepal. Lack of variability was ranked z ... 
-< second overall. Other overall ran kings were inade-
~ I .. ..... .......... N ..... NO ~~ quacy of collections third, availability of germ-
>-2 ............... N .......... 0 plasm fourth, and enhanced germplasm fifth. U Co However, when the responses from South Asia and 
~.!! .......... 0 ............... 0 India were excluded from the list the need fOF enhanced germplasm material was ranked second 
< overall. , ... .....,., ..... M ..... MO i~ < ... 
·c ... .....M ..... ............... 0 In] A.3 Breeding 
~~ .... N .... f"""\ - N 0 1:1.0 III Among the topics in breeding, lack of crop (yield) 
/JiG ~=~ ~!:::!:!o stability was rated high, closely followed by lack of 
.!! z Co 
< availability of improved seeds. However, when 
.c ~ ; coo ......... >0 .......... 0 responses from India (and South Asia) were .. ~ ;..,8 ::E excluded, lack of availability of improved seeds 
I ... ......... - -Oo."'f'l""l became the top-rated limiting factor. Lack of c ... 10>010 .....>000 
-..::I 
adaptation (of varieties) to farmers conditions, and 
'.c ............. ............. 0 
" rl lack of adequate research were also highlighted. l~ t Lack of appropriate breeding methodology was not considered a constraint, receiving the lewest II rl I :~ rating overall. 
"I j i ~ Co f 
t CI 11 !! !t~- A.4.1 Presence of Insect Pests 'i i 1<; d ,2 i] :r;! I;,.) 
A 
.. ft ~. ~.~ c As expected, Helicoverpa armigera pod borer was 
. iJ!3&l~~~~ .... the most important pest of chickpea throughout 
'" t u ... -:f"1"'"l~ "'!"!"": the world. It was ranked as the most important pest ~ - ---- ---- «« «< in 13, and important in 7 countries. Only Algeria £- ~ 
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Table 2. Total score of all countries ranked within subject groups. 
Total score 
All Minus Minus rest of 
Code Description countries India S. Asia 
Al1mportance of each subject in overcoming 
constraints to production: 
AI.2 Breeding 234 143 102 
AI.4 Pathology 208 134 94 
AJ.5 Agronomy 199 125 87 
AI.9 Technology transfer to farmers 198 121 82 
ALI Genetic resources 193 III 76 
Al.IO Technical information for scientists 165 106 68 
Al.3 Entomology 162 92 62 
AI.6 Physiology 158 100 69 
AJ.7 Economics J44 96 69 
AI.8 Food technology 114 72 54 
Al.l1 Others (list) 3 3 3 
A2 Genetic resources, lack of: 
A2.3 Evaluations 209 122 87 
A2.7 Variability 191 III 81 
A2.1 Collections 188 III 78 
A2.5 Availability 1&5 113 83 
A2.& Enhanced material 1&5 119 84 
A2.4 Maintenance 178 104 70 
A2.2 Descriptions 170 105 71 
A2.6 Catalogs 163 95 72 
A2.9 Others (list) 0 0 0 
A3 Breeding, lack of: 
A3.5 Crop stability 215 125 85 
A3.7 Availability of improved seed 214 132 91 
A3.4 Adaptation to farmers' conditions 201 116 78 
A3.1 Germplasm variability 200 120 82 
A3.6 Adequate research 191 118 76 
A3.3 Screening techniques 187 113 78 
A3.2 Breeding methodology 178 105 72 
A4 Entomology, insect pests: 
A4.1.1 HeJicoverpa pod borer 219 119 71 
A4.1.9 Bruchids 161 89 58 
A4.l.5 Leaf miner 105 78 66 
A4.1.6 Aphids 100 66 47 
A4.L4 Cutworms 91 48 28 
A4.1.2 Semiloopers 75 3S 22 
A4.1.3 Spodoptera spp. 71 42 27 
A4.1.7 White grubs 58 31 19 
A4.1.8 Secona weevil 55 33 23 
A4.1.l 0 Metspina spp. 46 26 18 
A4.1.11 Others (list) 5 S 5 
Continued 
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Table 2. Continued. 
Total score 
All Minus Minus rest of 
Code Description countries India S. Asia 
A4.1 Pest manaaemeat f()r the three most 
important insect pests in A4.1, inadequate: 
A4.2.S Integrated control methods 183 102 63 
A4.2.4 Genetic resistance to insects 175 101 63 
A4.2.7 Research efforts 164 92 59 
A4.2.1 Chemical control 142 70 49 
A4.2.6 Screening techniques 139 79 55 
A4.2.3 K.nowledge on resistance to insecticides 131 83 53 
A4.2.2 Chemical availability 110 69 SO 
AS PathololY, diseases: 
AS.1.l2 Fusarium wilt 217 123 88 
AS.l.I Ascochyta blight 172 105 85 
AS.I.14 Dry root rot 152 85 59 
AS.1.I9 Stunt virus 124 66 56 
AS. 1.3 Botrytis gray mold 114 60 38 
AS. 1.5 Collar rot 97 57 35 
AS.I.II Sclerotinia stem rot 95 49 34 
AS.I.IS Wet root rot 95 52 42 
AS. 1.2 Black root rot 84 SO 36 
AS.1.I7 Foot rot 83 45 34 
AS.1.26 Nematodes 80 47 35 
AS.1.I3 Verticillium wilt 76 49 42 
AS.1.I6 Phytophthora root rot 76 42 29 
AS. 1.4 Alternaria blight 75 41 30 
AS. 1.9 Rust 69 41 31 
AS.1.I0 Powdery mildew 64 36 27 
AS.1.l8 Bacterial blight 61 31 21 
AS. 1.6 Colletotrichum blight 59 31 23 
AS.I.20 Alfalfa mosaic virus 54 34 25 
AS.I.22 Bean yellow mosaic virus 54 32 24 
AS. 1.7 Phoma blight 51 28 20 
AS. 1.8 Stemphylium blight 51 27 20 
AS.1.21 Cucumber mosaic virus 49 27 18 
AS.1.24 Pea enation mosaic virus 49 27 20 
AS.1.2S Pea streak virus 46 24 17 
AS.I.23 Lettuce necrotic yellow virus 43 23 16 
AS.I.27 Others (list) I I I 
AS.l Disease manaaement for tbe tbree 
most important diseases in AS.I: 
AS.2.3 Genetic resistance 201 III 83 
AS.2.4 Stability of resistance 178 101 80 
AS.2.7 Research efforts 166 96 76 
AS.2.1 Seed dressing 146 86 70 
AS.2.S Integrated control 145 80 69 
AS.2.6 Screening techniques 142 85 68 
AS.2.2 Chemical control 101 59 46 
Continued 
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Table 2. Cootinued. 
Total score 
All Minus Minus rest of Code Description countries India S. Asia 
A' Ap'onomy stresses: 
A6.S Poor plant popUlation 199 114 81 
A6.9 Weed infestation 192 115 87 
A6.l3 Lack of rain 181 114 84 
A6.17 Inadequate research 175 113 80 
A6.6 Poor seedling emergence 157 99 69 
A6.5 Poor seedbed preparation 149 102 69 
A6.1 I Poor crop growth J42 80 54 
A6.l0 Poor cultivation during growth 140 81 58 
A6.7 Poor nodulation 136 82 55 
A6.2 Poor soil fertility 134 73 43 
A6.l Poor soil structure 124 72 45 
A6.15 Short season length 120 71 56 
A6.t6 Harvest losses II7 78 54 
A6.3 Deficiencies 103 58 38 
A6.14 Excess vegetative growth 94 43 28 
A6.l2 Waterlogging 90 57 43 
A6.4 Toxicities 77 42 29 
A6.18 Others (list) 4 4 4 
A 7 Physiology stresses: 
A7.3 Drought 217 135 99 
A7.14 Flowering/ podding 169 106 75 
A7.1 Nutrition 148 91 62 
A7.15 Partitioning 146 81 65 
A7.13 Plant architecture 145 84 63 
A7.7 High temperature 143 97 74 
A7.2 Water uptake 137 87 7J 
A7.8 Low temperature 135 90 69 
A7.12 Root development 132 79 54 
A7.11 Growth rate 129 78 55 
A7.16 Pod drop 116 75 51 
A7.5 Salinity 104 57 40 
A7.4 Humidity 93 55 41 
A7.6 Acidity 87 52 34 
A7.9 High radiation 84 59 43 
A7.1O Low radiation 77 48 33 
A7.17 Others (list) 3 3 3 
AS Food technology stresses: 
A8.1 Postharvest losses 156 86 54 
ABA Inadequate processing facilities 133 77 53 
A8.6 Poor product storability 129 78 53 
AS.2 Poor quality 117 79 55 
AB.3 Lack of consumer acceptance III 73 55 
AB.5 Long cooking time 104 66 53 
AB.7 Others (list) 2 2 2 
ContinutKI 
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Table 2. Continued. 
Code Description 
A9 Economics, Inadequate: 
A9.2 Production stability 
A9.7 Price stability 
A9.6 Prices 
A9.1 Farmer financing 
A9.4 Storability 
A9.8 Marketing infrastructure 
A9.11 Yield-loss studies 
A9.12 Cost-benefit studies 
A9.5 Market size 
A9.3 Transport 
A9.1O Others (list) 
AIO Technology transfer to farmers: 
AIO.6 Insufficient on-farm research 
A 10.4 Poor linkages with farmer 
AIO.2 Farmers lack resources 
AIO.3 Too few extension workers 
AIO.9 Acceptability of technology 
AlO.lO Practicability of technology 
A 10.5 Researchers too remote 
AIO.7 Lack of technology 
A1O.1 Farmers disinterested 
AlO.8 Technology not relevant 
All Technical information for scientists 
and/or extension agents: 
AI1.6 Training opportunities 
AI 1.4 Extension pamphlets! AV aids 
AIl.l Scientific journals 
AIl.5 Workshops 
Al 1.3 Literature searches 
AI 1.2 Data bases 
AI 1.7 Others (list) 
and Italy did not rate it as an important pest. Leaf 
miner was an important pest in the West Asia and 
North Africa (WAN A) region, East Africa, Europe, 
Mexico, and USA. Bruchids were the most impor-
tant storage pests in most countries of the world. 
Aphids were also important. Other pests such as 
cutworms, semiloopers, Spodopters, and white 
grubs were important locally in a few countries. 
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Total score 
All Minus Minus rest of 
countries India S. Asia 
196 116 90 
196 118 90 
191 117 89 
154 93 67 
152 83 59 
152 92 69 
146 90 65 
136 83 61 
126 82 62 
95 58 41 
13 12 11 
185 110 75 
184 109 78 
178 99 66 
157 100 76 
154 92 67 
151 89 63 
138 87 59 
130 85 53 
109 70 49 
91 53 38 
200 115 78 
185 114 73 
183 116 77 
179 110 74 
168 107 70 
162 99 67 
0 0 0 
A.4.2 Pest Management 
Integrated control measures and use of genetic 
resistance were the preferred pest management 
methods in most countries. Chemical control was 
rated third overall. Lack of research efforts, screen-
ing techniques, and knowledge on resistance to 
insecticides were other areas rated as important. 
A.S.l Diseases 
Among the 26 chickpea diseases listed, five were 
important overall: fusarium wilt, ascochyta blight, 
dry root rot, stunt virus, and botrytis gray mold, in 
that order. Fusarium wilt was rated in the top-5 in 
all countries, except Australia. It is important in 
South Asia, North and eastern Africa, Mexico, 
Syria, Turkey, and USA. Ascochyta blight is 
important in western India, Europe, Pakistan, the 
WANA region, and USA. Dry root rot is impor-
tant in most countries. Stunt virus is important in 
Australia, India, North Africa, Spain, and Turkey. 
Other major diseases that were in the top-10 listing 
are: collar rot, sclerotinia stem rot, wet root rot, 
black root rot, and foot rot. Nematodes were 
important in Italy and the WANA region. It is 
possible that nematodes are present in other coun-
tries but not recognized as economically impor-
tant. The parasitic weed, Orobanche, was also 
listed by many scientists from the WAN A region as 
being very important. 
A.S.2 Disease Management 
Among various components of disease manage-
ment, inadequate genetic resistance and stability of 
resistance were rated as major constraints. Need 
for improved research efforts, seed dressing, and 
integrated control was emphasized. Chemical con-
trol has been rated lowest among disease manage-
ment options. 
A.6 Agronomy 
Poor plant population, weed infestation, and lack 
of rain were rated the three top agronomic con-
straints. Outside of South Asia, weed infestation 
and lack of rain were more important than plant 
population. Lack of adequate research was also 
important in many countries. Poor seedbed prepa-
ration and harvest losses were less important in 
India, compared to all other countries. Other 
agronomic constraints were (in order of rating): 
poor seedling emergence, poor seedbed prepara-
tion, poor crop growth, poor cultivation during 
growth, poor nodulation, poor soil fertility, poor 
soil structure, shorter growing season, and nutri-
tional defiencies. Waterlogging, excessive vegeta-
tive growth, and toxicities were local problems in 
some countries (Australia, Egypt, Ethiopia, and 
Italy. 
A.7 Physiology 
Drought was the most important physiological 
factor limiting chickpea production. Problems in 
flowering and podding, nutrition, partitioning, 
and plant architecture were also major constraints 
in different countries. High temperature was a lim-
iting factor in Bangladesh, India, Morocco, Tuni-
sia, Sudan, Syria, and Spain; while low tempera-
ture was a constraint in Australia, Cyprus, 
Ethiopia, Morocco, Syria, and USA. Other con-
straints reported important were root develop-
ment, water uptake, pod drop. and salinity. 
A.8 Food Technology 
Postharvest losses, inadequate processing facili-
ties, and poor product storability were the major 
constraints in food technology. Almost all coun-
tries have rated postharvest losses as a major con-
straint, followed by lack of processing facilities. 
Surprisingly, lack of consumer acceptance has 
been reported as a constraint even in the major 
traditional chickpea areas. Long cooking time was 
rated lowest. 
A.9 Economics 
Production stability. price stability, and prices 
have been rated high as economic constraints to 
chickpea production. These three factors have 
been rated as important constraints in more than a 
dozen countries. Other constraints of secondary 
importance are farmer financing, storability. and 
market infra-structure. Answers indicated the need 
for yield-loss and cost-benefit studies, and a larger 
market size. 
A.tO Technology Transfer to FarmeR 
Insufficient on-farm research, poor links with 
farmers, and lack of farmer resources have been 
reported as major constraints for technology 
transfer. All countries have said that farmers lack 
resources. Shortages of extension workers, prac-
ticability of technology and acceptability of tech-
nology, are constraints of secondary importance. 
Many countries indicate that practicability of 
technology was more important than acceptability 
of technologies. Only seven countries (Australia, 
389 
Cyprus, Egypt, Italy, K.enya, Mexico, and Myan-
mar) indicated that farmers are not interested in 
adopting the new technology, while four countries 
(Australia, Bangladesh, Cyprus,and Pakistan) 
suggested that technology suitable to farmers is 
lacking. 
A.ll Technical Information for Scientists and 
Enension Alenu 
Lack of training opportunities, non-availability of 
scientific journals, and lack of access to pamphlets 
and audio-visual aids were cited as bottlenecks for 
information exchange among scientists and exten-
sion agents. Lack of scientific journals is amongst 
the five most important constraints for all coun-
tries. Scientists in India had greater accessibility to 
scientific journals than other countries. Other con-
straints are lack of access to workshops and litera-
ture searches. 
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B.l. Estimated Future Productivity and Cropping 
Area 
Only 55 respondents filled in this part of the ques-
tionnaire. Respondents were asked to project the 
percentage change in chickpea productivity (yield 
kg ha- I ) in 1995 and 2000 over present yield levels 
(Fig. 1). Overall, they predicted 30% average 
increase by the year 1995, and 51% by 2000. The 
major chickpea growing countries (India, Myan-
mar, Nepal, Pakistan and Turkey) predicted 
increases ranging from 20-40% (Mean:28%) by 
1995, and 40-60% (Mean:51 %) by 2000. The North 
African chickpea producing countries (Algeria, 
Morocco, Tunisia) and Iraq expect a 100% increase 
in productivity by 1995. Both Ethiopia and Mexico 
predicted no improvement in productivity by 1995, 
but a 20% increase by 2000. The countries on the 
northern side of Mediterranean sea (Italy, Spain, 
and Syria), Cyprus, and Kenya expect a 20% 
increase by 1995, and 40% by 2000 while Sudan 
Predicted change in productivity (%) 
Figure I. Predicted chanle (%) in chickpea productivity in different countries by the yean 1995 and 2000. 
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expects 40% by 1995 and 60% by 2000. Developed 
countries (Australia and USA) expect a modest 
increase of 20% in productivity by 1995 and 2000, 
although some scientists in Australia expect a 40% 
increase by 2000. Sri Lanka, which is trying to 
introduce chickpea, expects a 40% increase in 
1995, and 80% in 2000. 
B.l. Chickpea Area in 1995 and 2000 
Only a few respondents answered this part, so we 
are not reporting on this section. 
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